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THE ANCIENT CITIES OF 
YUCATAN. 


Vistrors to the Columbian Exposi- 
tion, at Chicago, will remember the 
very excellent reproductions of the 
architecture of the ancient Americans, 
which showed the forms in which 
these interesting but little known 
peoples were accustomed to build and 
he curious ornamentation with which 
they covered their completed homes 
and temples. The Field Columbian 
Museum—an outgrowth, by the way, 
of the great exposition—has socentiy 
published the first part of volume one 
of a work by Mr. W. H. Holmes, Cura- 
tor of Anthropology, entitled “‘ Studies 
among the Ancient Cities of Yuea- 
tan.” The report, which is freely illus- 
trated, gives the result of a three 
months’ tour through southern Mexi- 
co, wainly in the states of Yucatan, 
Chiavas and Oaxaca, which was 
undertaken by the writer for the pur- 
— of examining the famous archeo- 
ogic remains of those countries. 

It is recorded by the early Greek 
historians that the middle Atlantic 
Ocean was once a great continent, 
known as Atlantis, inhabited by an 
enerzetic and enlightened people, who 
_ ed their conquests “to the farthest 
imits of the Mediterranean, and that 
the (treek gods, in anger at these en- 
croachments, retaliated by sending 
Atliutis to the bottom of the sea.” 
Whether one continent has disap- 
peared or not, “it is a curious fact 
that another land has risen from its 
watery bed.” Geology proves that 
“Yucatan is a new-born realm.” The 
local limestone is full of fossil shells of 
living species, and “represents late 
pliocene or early pleistocene times, 
thus possibly bringing the date of the 
elevation of Yucatan down some- 
what near to that of the reputed 
sinking of Atlantis, some eleven or 
twelve thousand years ago, or not far 
from the period which witnessed the 
oscillations attending the close of the 
glacial period.” It has been contended 
by many students that the American 
races may have been derived from the 
inhabitants of Atlantis, and that the 
culttire represented in the ruined cities 
of Yucatan may have had its birth 
among the submerged race, 

The Maya Race.—At the period of 
conquest the Mava tribes, occupying 
the peninsula of Yucatan and consid- 
erable portions of neighboring terri- 
tory to the south and west, are said to 
have comprised in the neighborhood 
of two million souls. Today they 
are distributed over nearly the same 
area, but are 
reduced in 
it is 
estimated, to 
less than five 
hundred thou- 
sand, half, at 
least, of whom 
continue to 
speak the 
Maya tongue 
in its purity. 
At the north, 
Where there 
has been much 
infusion of 
Spanish blood, 
the race has 
been largely 
modified, and 
an interesting 
and very ho 
hogeneous 
hali-blood peo- 
ple has sprung 
up; but in the 
Iterior many 
of the tribes 
are of nearly 
pure blood 
and retain a 
strong spirit of 
independence. 
It is said that 
me bands 
have never 
been fully con- 

uwered, and 

ey practical- 
claim by 
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TEMPLE OF THE TIGERS AND EL CASTILLO, CHICHEN-ITZA, 


holding the temples of their fathers 
by force of arms, defying all comers, 
whether white or red. 

They were the most cultivated of 
the American tribes, and “seemed to 
be on the very threshold of civiliza- 
tion.” The history of this remarkable 
_ is chiefly written in their archi- 

ure; though they had also pro- 
ssed in other of the useful arts. 
hey made paper of maguey and show 
advanced in pictographie and 

—_ writing. Their language is 
hig ily developed, and its grammati- 
cal construction is more like the Eng- 
lish than that of any other American 
tongue. They practiced agriculture, 
and were averse to war. 

“Monumental Remains. — Maya 
architecture, with its associated sculp- 
ture and painting, constitute the best 
remaining index of the achievements 
of the race, The seventy thousand 
square mniles of Maya territory are so 
dotted with the ruins of towns and 
cities that the traveler is seldom out 
of sight of some mound, pyramid or 
other massive structure. The pre- 
servation of these remains is wonder- 
ful, considering the four hundred 
years of decay and destruction 
through which they have passed. 
There is hardly a modern village or 
town on the peninsula of Yucatan 
that is not built in some part of 
materials derived from the ancient 
structures.” Nature and man are 
both active agents in destroying these 
remains of an ancient people; and, 
nnless some effort be made by the 
Mexican government to protect them, 
the history of the ancient Mayas will, 
in time, be represented only by the 
books in which it is written. 

It is probabie that the Mayan build- 
ings, of which we see the ruins, were 
devoted to the uses of religion. They 
are built at the top of pyramids, are 
approached by steep stairways, and 
are unsuited for domestic purposes, 
It is likely that the houses of the 

ople were built largely of wood and 

hatch, and were similar in appearance 
to the older dwellings to be found to- 
day among the modern Mayas, There 
is but little evidence that the Mayas 
built with a view to defense. They 
were a peaceable people, and the great 
thickness of their walls and the mas- 
sive forms in which they put up their 
temples was due to their ignorance ot 
the true principles of construction, 
such as, in a later age, enabled the 
Gothie architect to carry up his 
slender buildings to such lofty heights. 

They found their building materials 
ready to hand in the massive, under- 
lying beds of 
limestone, 
They used “a 
mortar, made 
of lime and 
sand, and ce- 
mentlike mix- 
tures com- 
posed of mor- 
tar tempered 
with gravel, 
pounded stone 
ete., whose 
durability is 
remarkable.” 
Wood was ex- 
tensively em- 
ployed, 'par- 
ticularly for 
the lintels of 
doorways, In 
constructing 
the larger 
buildings, vast 
quantities of 
stone were 
necessary, and 
though they 
did not em- 
ploy blocks of 
the same enor- 
mous size as 
did the ancient 
Mexicans and 
Peruvians, sin- 
gle blocks are 
found that 
weigh from six 
to eight tons, 
Perhaps the 
most wonder- 
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ful evidence of the patience and skill of these people | terior and interior, where effect was aimed at, were 


is to be found in the mass of elaborate carving and | finished in color. 


ornamental stonework with which they covered their 


The ancient cities were built upon plains, and, to 


buildings. The broad sculptured fagade of the gov-| compensate for the lack of bold natural features, the 


defined, with jambs, wooden lintels and sometimes sill 
One of the finest openings is 20 feet wide and 8 fee 
high, and is divided by two massive columus scul 
tured to represent feathered serpents. 


Mr. Holmes considers that the columns used by 


for bo 
we loo 
north. 

The 


ernor’s palace, at Uxmal. contains upward of ** twenty | Mayas constructed vast terraces and pyramids, upon 
thousand stones, not only bewn of varied, special | which they erected their buildings. Some idea of the 
shapes, but each sculptured to represent some indi-| size and extent of these works may be gathered from 
vidual part of a face, figure or geometric design, and|the accompanying panoramic views, which were 


nery ! 
Gover 
which 
jmport 


these ancient builders constitute a characteristic 
American type. The serpent columns consisted of g 
base formed by the head of the serpent, a shaft forined 
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SCULPTURED SANCTUARY, TEMPLE OF THE TIGERS, CHICHEN-ITZA. | 
all fitted together with such skill as to give the effect |sketched by Mr. Holmes on the spot. The largest of | by the body, and a eapstone, which consists of the tai 
of an unbroken whole.” these raised terraces or platforms is 500 feet in length | of the serpent, which was turned abrupt!y out for thi] —— 
Maya statuary was conventional and erude ; but, as | and width, and the loftiest is — 100 feet in height. | purpose. : 
it was intended for architectural embellishment, it was | Their sides were usually faced with stone, which was| Uxmal.—The area covered by this group of ruins ig) ~ ~°- 
in proper Keeping with the design of the buildings. | dressed smooth or plastered. On one or more sides | about half a mile square. 
The masonry consists mainly of hearting of earth, | they were ascended by steep and wide stairways. The} There are five great structures or groups of struetn = 
mortar, and stones, and facing of cut or uneut stone, | ground plan of the buildings was usually rectangular, | that take high rank as specimens of Maya architect ure ~ 
laid inexcellent mortar, The walls and the masonry | and the single-room buildings consisted of a long and | These are the Pyramid Temple of the Magician, th 
above the spring of the arched roofs are extraordi- | narrow cell, with a solid, arched roof, of high pitch. | quadrangle called the Nunnery, the House of the Tur ™ 
narily massive. In a single-chamber structure two- | The larger buildings are ‘little more than a mere re-|tles, the House of the Pigeons and the Governor@ ~ - 
thirds of its bulk would be solid masonry. The gov- | duplication of the single cell unit.” ; ae. Palace. [ 
ernor’s palace occupies about 325,000 cu, ft. of space,| ‘The treatment of the facades of their buildings In the panoramic view we are looking to the south.§ 
of which only about 110,000 cu. ft. is chamber space. | indicates a pronounced love of display on the part of | The Nunnery Quadrangle.—This is indicated by let 
> => 


tAST FACADE AND IGLESIA, NUNNERY OR PALACE, CHICHEN-ITZA. 


Mr. Holmes also points out that they were igno- 
rant of some of the most ‘essential principals of stone 
construction, for they néverdaid their facing stones so 
as to break joint, nor-is the masonry anywhere 
bonded, the outer covering being held against .the 
building merely by the mortar. Stucco was exten- 
sively used in decoration, aud nearly all surfaces, ex- 


the builders, and in many cases at least nine-tenths of 
the labor expended on a building is represented in 
show alone.” 

The openings into the buildings consist chietly of 
doorways, though there are occasionally to be found 
small square openings that may have been intended 
to admit air and light. The doorways are usually well 


ter B. It consists of four great rectangular structures 


low, heavy and formalin general conformation. The 
stand upon a broad terrace in quadrangular arran 

ment, and their ornate fronts face inward upon the i 
closed court. At first glance they suggest the appear 
ance of a fortification. But closer inspection waked 
evident that they were used as temples or residen 
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for bodies of priestly orders. In the panoramic sketch 
we look down upon the great quadrangle from the 
north. 

The Governor’s Palace.—To the south of the Nun- 
nery rises the broad, triple terrace of the so-called 
Governor’s House or Palace (E). The superb building 
which crowns itssummit is justly regarded as the most 
jmportant single structure of its class in America, 

It is extremely simple in plan and outline, being a 
trapezoidal mass some 320 feet long, 40 feet wide, and 
25 or 26 feet high. It is partially separated into three 
parts, a long middle section and two shorter end sec- 
tions, by reeesses leading to two great transverse 
archways now walled up, but formerly passing quite 
through the mass, 

The front wall is pierced by nine principal doorways, 
now much broken down above, and by the two arch- 
way openings, and presents a fagade of rare beauty 
and great origivality, as may be seen from the accom- 
panving illustration, which shows a section of the 
embellished entablature zone of the palace. 

“The height from the lower or medial moulding 
below to the coving course above is about ten feet. 
The entire length, covering the four wails of the build- 
ing, is some 725 feet. If we allow that the stones em- 
ployed average six by twelve inches in surface dimen- 
sions, this deeply coffered and relieved mosaic would 
comprise upward of 20,000 pieces, all especially cut and 
a large percentage elaborately sculptured. Two plain 
coping courses are seen at the top, followed by a twin- 
ed fillet moulding, while under this is a line of very 
ornate snouted masks. The broad space below is fill- 
ed with bold fretwork, set on a lattice ground and 
interrupted by the wonderful over-door trophy, the 
central feature of which is a human figure, fully life 
size, secalptured in the round and seated in a niche with 
festooned base. The head was where the minute 
white cross now appears, and was surmounted by an | 
elaborate and colossal headdress, most of which re- | 
maiis. The horizontal bars terminating in serpent 
heals at both ends are separated by lines of hiero- 
glyphs.” : ; : MIDDLE PORTION OF THE HOUSE OF THE PIGEONS, UXMAL. 

House of the Pigeons.—This unique structure (F), 
seen in the panorama to the southwest, is the ruin of 
the north building of another remarkable quadrangle, | ality and boldness, Here was a great building, of | twelve feet in height, terminating in points now some- 
which could appropriately be called the Quadrangle | unusual construction and size, with an arch opening | what broken down. Only eight of these pinnacles are 
of the Nine Gables. The illustration shows the cen-| through the middle into a court—as in the south build- | still standing, though I have taken the liberty of 
tral part of this building, the partitions and back walls | ing of the Nuns’ Quadrangle—bearing upon its roof a | showing the full number in the panorama, 
of the front tier of chambers appearing at the base | colossal masonry comb built at an enormous expendi-| ‘In the middle of the picture is seen the remaining 
beh nd the white figures. ture of time and labor, Above the mouldings the wall | portion of the vaulted portal which led through the 

“The ancient builders certainly did not lack origin-! is divided into nine sections, which rise in steps to some |north building of the quadrangle into the court be- 
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a { iF W- HOLME 
A. iouse of magician, B. Grand quadrangle, nunnery, C, Gymnasium walls. D. House of turtles, E. Governor's house. F. House of pigeons. G. Great pyramid. H. 8. W. temple. 1. Louse ofthe old woman, 
: PANORAMA SHOWING THE TERRACES AND TEMPLES AT UXMAL. 


| 
43 
\ 
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A. Palace nunnery. B. Smaller annex, Iglesia. C, Larger annex. J*. Akab-tzil, E. Tower (Caracol). F. Red house. G, Small temple. H. Temple of the tigers. I. Great temple (El Castillo). J. Group of the columns, 
K. Great well, L. Small tempie. 


PANORAMA SHOWIYG THE TEMPLES AND PYRAMIDS IN THE PLAINS AT CHICHEN-ITZA. 
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yond. The facade has entireiy disappeared, and sec- Columbian Museum, for the accom nying illustra- 

tions of the front range of roows are seen, displaying tions, which are selected from Mr. Holmes’ valuable 

the solid masonry of partition walls and roof. Above} work, 

is the remarkable roof comb, which extended the en- 

tire length of the building along the middle of the 

roof. Below is the long monotonous line of doorlike 

openings which penetrate the comb wall, having - 

function other than that of ornament. Above is the 

rigid line of mouldings, and over this are shown five of h—-ETOREOAL, 

the nine perforated gables, erected for no other pur-| THE early forms of fire arms were of great simplicity, 

pose than that of holding aloft elaborate sculptured | For the most part they consisted of an iron tube, all 

decorations.” lin one piece. The process of loading and firing was 
Chichen-Itza—the mouths of the wells of Itzas—is the | both slow and uncertain. First a measured quantity 

name given to the most important group of ruins in| of powder was placed in the bottom, or closed end of 

Yucatan ; although it has no single monument to rival|the tube. On top of this was placed a wad of paper 

the Governor’s Palace or the Nunnery Quadrangle at | or tow, then the projectile, and on top of this again 

Uxmal, it outranks that city in extent and in the num- | another wad to keep the projectile in place. A small 


AUTOMATIC FIRING GUNS. 
By Hiram STEVENS MAxIM.* 


ber and variety of its remains. 

The principal ruins are inclosed within a space con- 
siderably less than a mile square, and consist of half 
a dozen important piles, ‘vith numerous scattered re- 
mains of inferior structures. The pyramid temple 
may be regarded as the prevailing type of structure. 
The roof is level, and surfaced with cement, and the 
floors are also cemented. The arches employed in ceil- 
ing are wedge-shaped. The sculptured work is char- 
acterized by ‘‘rude vigor,” and is used almost exclu- 
sively forarchitectural embellishment. ‘ The function 
of the temples wasin the main religious, the typical 
temple prevailing over all other forms of building.” 

“Phe Nunnery or Palace.—The so-called Nunnery 
or Palace (A), seen in the immediate foreground of the 
panorama, is one of the most interesting and impor- 
tant buildings in Chichen. It has associated with it 
at the right two smaller buildings or annexes (B and 
©). The group appears to rest almost directly upon 
the original surface of the site, which was, however, 
somewhat uneven, necessitating a good deal of level- 
ing up, as on the south side or back, where there is 
considerable descent from the base of the walls. A 
little in the rear, and to the southeast, just outside of 
the view, is a deep conical sink, possibly representing 
in extinet cenote.” 

In the accompanying illustration ‘‘the east front of 
the ground floor section of the Nunnery or Palace is 
seen at the left. It is characterized by unusually bold 
and effective ornament, both lower and upver wall 
zones being covered with sculptures. Two lines of 
snouted masks appear in the lower zone and one line 
in the upper. The medial and frieze wouldings are 
embellished with geometric ornaments and the coping 
course is sculptured. The doorway is an elegant piece 
of work and is unique in many respects. Above isa 
center piece of much interest, the main feature of 
which is a human figure, probably representing a chief 
deity, in high relief, seated in an arched niche, with 
the usual conventional feather designs at the right 
and left. At the right is the Iglesia annex, a single 
room structure, similar to the main building in general 
treatment, but having a plain lower wall zone. The 
facade, which is on the west side and not visible in the 
plate, is surrounded by a high, richly decorated false 
front. Mask snouts, most of which are broken, are 
seen in profile at the corners. Photographed by Dr. 
C. F. Millspauyh.” 

El Castillo.—The noblest monument of Chichen is 
the so-called Castillo or Castle (1), seen to the right of 
the Temple of the Tigers and near the middle portion 
of the panorama, rising grandly above the forest 
covered plain. It is a pyramid temple of the first 
order and bears testimony to the developing taste of 
the Itzas, as well as to their capacity for designing and 
earrying out constructional enterprises of grand propor- 
tions. It is perhaps as nearly a consistent unit of 
building, according to our estimate, as can be found 
in the Maya country, though there are still sugges- 
tions of lack of maturity and refinement. It embodies 
ouly two principal features, the square, terraced pyra- 
mid and the blocklike superstructure. The pyra- 
mid is between seventy-five and eighty feet high and 
ueasures some 200 feet square at the base and about 
sixty feet square at the too. The stepped sides rise at 
au angie of fifty degrees. The stairways, fourin num- 
ber, assist in breaking up the severity of the pyramidal 
mass. They are constructed of small blocks of roughly 
hewn stone, now wuch displaced in places, 

The temple consists of a vestibule, an inner sanctu- 
ary. and an inclosing gallery, the whole being roofed 
in with the characteristic vault roof. This building is 
an excellent type of the Maya pyramid temple. 

The Temple of the Tigers (H).—This is seen to the 
left of the illustration, and in the panoramic view it 
lies toward the left band corner. 

The view is taken from the south end of the west 
wall of the gymnasium, looking east. In the fore- 
ground at the left is the solid mass of the east wall of 
the gymnasium supporting the ruined Temple of the 
Tigers. The plain hewn stone wall is seen below, and 
rising from its margin to the temple level is the short 
stairway. The facade of the temple has disappeared, 
save the lateral piers and the stumps of two great ser- 
pent columns which stood in the portal; the open 
wouths of the serpents, showing nostrils and bulbous 
fangs, face the observer. Back of the columns is the 
rear wall of the vestibule, with its characteristic 
piasonry, and the doorway which leads to the pictur- 
ed sanctuary. The end wall of the vestibule is seen at 
the right sloping toa point above, while one of the 
capstones of the vault is seen in place at the left. This 
building is noted for the rich wall sculptures which 
adorn what remains of the seulptured sanctuary, or 
chain ber. 

“They represent richly bedecked figures arranged as 
if to represent some cerewony or dance, and most of 
them still retain distinet traces of the brilliant colors 
with which they were originally embellished. The 
sculptures covering the columns are nearly identical 
\ith square column decorations in other temples. The 
igure of a man occupied the front of the left hand 
column and that of a woman—as indicated by the 
plaid skirt—the right hand column. Between the 
columns stands the rather rudely sculptured and very 
formal figure of a tiger. This may not have been its 
original position. Length of the chamber, twenty-two 
feet; width, ten feet ; height, fifteen feet.” 

Space forbids a further review of these most inter- 
esting archmological studies of a people of whom we 
know but little, and should know more. Our thanks 
are due to Mr, F. J. V. Skiff, Director of the Field 


| hole bored through the rear end of the tube, and tech- 
nically called the touch hole, was employed for ** touch- 
ing off” the charge, which, in the original guns, was 
accomplished by a match or fuse, and in those of later 
dates, by sparks generated from the contact between 
flint and steel. 

As the science of gunnery progressed, the gun maker 
sought not only to increase the range of the arm, but 


A portable gnn or machine, called a defence. Fo 
bridges, breaches, lines, and passes, ships, boats 
houses, and other places, 

1. The barrel of the gun. 

2. The sett of chambers charg’d put on ready fo 
fireing. 

3. The screw upon which every sett of chamber 
play off and on. 

4. A sett of chambers ready charg’d to be slipp 
on when the first set are pull’d off to be recharg’d. 

5. The crane to rise, fall, and turn the gun round, 

6. The curb to level and fix the guns. 

7. The screw to rise and fall it. 

8. The serew to take out the crane when the gun 
with the trepeid is to be folded up. 

9. The trepeid whereon it plays. 

, 10 The chain to prevent the trepeids extending too 
‘ar out. 

11. The hooks to fix the trepeid, and unhook whey 
the same is folded up in order to be carried with the 
gun upon a man’s shoulder. 

12. The tube wherein the pivot of the crane turns, 

13 A charge of 20 square bullets. 

14. A single bullet. 


15. The frout of the chambers of a gun for a boat, 
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|} also the = any | of fire, and it would appear that a 
large number of the early inventors first thought of 
| the revolver principle as the means which would lend 
itself most readily to thisend. Nothing would seem 
simpler than to make the rear of the armin sucha 
manner.that a loaded cylinder carrying several charges 
eould be inserted, and these charges brought succes- 
sively in line with the barrel and fired. The revolver 
| was, in fact, among the first systems thought of by a 
| considerable number of inventors. But it would ap- 
pear that very little was actually accomplished, the 
inventors, for the most part, contenting themselves 
with making a single example of their arm, and these 
were looked upon more as curiosities rather than as 
useful weapons, The inventor at that time, not bav- 
| ing the percussion cap, was obliged to employ a some- 
| what cumbersome means of igniting his charge, and 
| this was the probable reason why revolvers were so 
long in coming to the front. 
| Perhaps the most remarkable patent on a revolving 
| fire arm is that granted to Puckle; No. 418, 15th May, 
1718. The accompanying illustration has been taken 
| from the original drawings attached to the patent, and 
a portion of the description which was filed by the in- 
ventor is as follows: 
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BREECH LOADING MAGAZINE GUN PATENTED BY MR. JAMES PUCKLE IN 1718. 


16. The plate of the chambers. for a gun for a ship. 
shooting square bullets against Turks. 

17. For round bullets against Christians. 

18. A single square chamber. 

19. A single round chamber. 

20. A single bullet for a boat. 

21. The mould for casting single bullets. ‘ 
It will be observed that the inventor proposes to u 
round bullets against Christians, presumably Catho 
lics, and square ones against Turks. Had his Majesty 
King George been at war with any heathen nation 
at the time, it may be presumed that he would have 
recommended a bullet to be used against them still 
more angular than that recommended for Turks, while 
he might have recommended the employment of soft 
bullets made of cork or wood against his own erring 
co-religionists, the Protestants. However, the illustra 
tions forming part of the patent are certainly interest- 
ing in their way. It will be seen that the arm i 
mounted upon a tripod which very closely resem)les 
the tripods employed with the Gatling and Gardner 
guns of to-day, that a too great spreading of the legs 
is prevented by a chain, that stift rods are used fort 
holding the legs in position, and that for holding the 
gun at any degree of elevation a device is employed 
almost identical with that used on some recent forms 
of machine guns, This arm, I think, may be com 
— as the first mitrailleuse ever patented in Eng: 

nd. 
Notwithstanding the comparative antiquity of th 


| principle of making a revolver, it would appear t) 
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nothing practical was ever done with it till more than 
twenty years after the invention of the percussion 
jock. In 1835 Colonel Samuel Colt, of Hartford, Con- 
necticut, commenced his experiments with a view of 
producing & practical revolving fire arm, but it was 
not until ten years later that he considered the revolver 
had been sufficiently perfected to be offered to the 
public as a practical arm. It would appear that he 
did not make the mistake, so common to most in- 
yentors, of offering bis arm to the military authorities 
or,to the public while it was still in the experimental 
stage. The advantages of a revolving fire arm were 
so great that the new arm was at once taken up by 
nearly all the wilitary authorities in the world, and 
perhaps no fire arm ever met with so great a suc- 
eess as the Colt revolving pistol. At first it was gene- 
rally believed by the public, especially in America, 
that the revolving system was —— new, and 
that it was wholly the invention of Colonel Colt. It 
was not until many years later that the public became 
aware of the fact that a revolving fire arm had been 
invented many years before the Colt revolver. How- 
ever. I think I am —_ in saying Colonel Colt 
should be considered as the originator of revolving 
fire arms, because he was the first to ever make a prac- 
tical arm on this principle. He was the first to ever 
put upon the market a serviceable revolver, and is, I 
think, entitled to all the profit and credit that he has 
received for the work that he has accomplished in this 
direction. 

The cartridges employed in the early Colt revolver 
were made in the following manner: A little sack of 
oiled silk, having the diameter of the bore and a length 
slig!. tly greater than the powder charge, was first filled 
with powder, and then the projectile inserted, the sack 
being attached to the base of the projectile by a cot- 
ton thread. Common percussion caps were emploved. 
Upon the fall of the hammer the blast from the fulmi- 
nating cap pevetrated the sack and ignited the charge. 
The projectiles were pressed into the cylinder by 
means of a lever and piston articulated to the arm in 
sucii a manner that the projectiles could be firmly 
pressed into the cylinder without removing it from the 
franie of the revolver. In regard to the place that 
Colonel Colt is entitled to as the inventor of the revol- 
ver, | quote the following from an American publica- 
tion : 

“Colonel Colt obtained his first patent in 1835, but 
his weapon was not perfect until 1845. On visiting 
England, he undertook to investigate the origin of re- 
peaiing fire arms, and the result of his researches was 
that arms similar in principle to his own revolver had 
been invented four centuries before. 

“Inthe Tower of London he was shown a matchlock 
gun, dating back to the fifteenth century, and closely 
reseinbling in the principle of its construction the re- 
volver of the present day. It hasa revolving breech 


with four chambers mounted on an axis fixed parallel | 


to the barrel, and on that axis it may be turned round 
to bring any one of the four loaded chambers in succes- 
sion in a line with the barrel, to be discharged throngh 
it. There are notehes in a flange at the fore end of 
the revolving breech to receive the end of a spring 
which is fixed to the stock of the gun for the purpose 
of lock‘ng,the breech when a chamber is brought round 
into the proper position. The hammer is split at the 
end, so as to clasp a match, and earry its ignited end 
down to the priming powder, when the trigger is 
pulled. Each chamber is provided witha priming pan 
that is covered by a swivg lid, and before firing, the 
lid is pushed aside by the finger, to expose the priming 
—— Jto the action of the lighted match. In the 
ower armory was afspecimen of a repeating fire’arm of 
amore recent date, though still very ancient, and pre- 
senting considerable improvement on the preceding 
one. It has six chambers in the rotating breech, and 
is furnished with a barytes lock and one priming pan 
to fire all the chambers. The priming pan is fitted 
with a sliding cover, and a vertical wheel with a ser- 
rated edge projects into it, nearly in contact with the 
powder in the pan. To this wheel a rapid motion is 
given by means of a triggerspring, acting upon a lever 
attached to the axis of the wheel, and the teeth of the 
wheel strike against the barytes, which is brought 
down, previously to firing, into contact with it, and 
the sparks thus emitted set fire to the powder in the 
priming pan and discharge the piece. In this instance 
also, the breech is rotated by hand.” 

Colt’s revolver appears to have been used to some 
extent by the allied forces in the Crimean war, but I 
remember that it was said at the time that the super- 
stitious rank and file of the Russian army believed 
that the officers of the allied forces possessed'a miracu- 
lous pistol, which could be fired any number of times 
without reloading by the intercession of the devil — 
oat is, the mention of the name of the devil reloaded 
the arm. 

When the Colt revolver first made its appearance, 
both the United States and Mexico were having a 
great deal of trouble with the Comanche and Apache 
Indians, and the Mexican government offered a reward 
of $200 for every Indian killed. Four young Mexican 
gentlemen obtained from Germany double barreled 
rifles and ammunition, from Spain chain armor, and 
from Colonel Colt revolvers and cartridges. and with 
these they made war against the Indians wherever 
they conld find them. The Comanches at the time 
were only armed with tomahawks and bows and ar- 
rows. he Mexicans being excellent riders, and 
mounted on horses which were considerably superior 
to the ponies of the Indiaus, had no trouble in over- 
taking them on the plains. Riding boldly among 
them and facing the shower of arrows whien fell harm 
lessly upon their armor, they got at close quarters and 
used their revolvers with great effect. Each man car- 
tying two revolvers was able to fire fourteen shots, 
and in this mannera large number of Indiaus were 
killed, and the reward received from the government 
amounted to many thousands of dollars. The Coman- 
ches, however, very soon found out what they had to 
expect, and would not allow themselves to be drawn 
into a fight with any one who possessed a revolver. 

t was said at the time that these four Mexican gentle- 
men did more to suppress the raids of the Comanche 
Indians than a regiment of United States troops could 
have done, armed as they were with military muskets, 
Mounted on slow horses and encumbered with a heavy 
bacgage train. 

But the revolver, like everything else, has had its 


day, and the next innovation that we may expect in 
smell firearms will be the automatic pistol. In the 
revolver there is always a considerable loss of yas be- 
tween the cylinder and the barrel; consequently, the 
muzzle velocity of the projectile is never equal to what 
it would have been provided the same cartridge had 


been fired from a barrel of equal length where no leak- 


age could have taken place. In the automatic pistol 
smokeless powder will be employed, the muzzle veloci- 
ty will be very high, and the range long. We shall be 


able to fire with greater rapidity, to load quicker, and | extent of its surface by cast iron disks. 
But the new arm will | the saw very stiff, and prevent it buckling even when 
not be of greater simplicity than the old; in fact, it | hard driven. 


to hit at a much longer range. 


may be said that as the rapidity of fire and accuracy 

increase in fire arms, the complication becomes greater, 

but the weight of wetal required to fire a given num- 

ber of shots per minute is constautly becoming less. 
(To be continued.) 


WOOD PAVING BLOCK MACHINERY. 


THE introduction of the Australian hard woods 
jarrab and karri for wood paving purposes has proved 


_ 


too heavy a tax on the powers of woodworking ma- 
chines designed initially for dealing with less refracto 

| materials, Messrs. A. nsome & Company, Limited, 
of the Stanley Works, Chelsea, have accordingly 
}recently brought out the two tools which we illus- 
|trate on this page. The first wachine is a cross cut- 
ting saw with which the balks of jarrah, ete., ean be 
}cut up into paving blocks very rapidly. As will be 
| seen from the illustration, it consists of a cireular saw 
|of large diameter, supported over an unusually great 
These render 


The saw spindle is supported on a car- 
| riage which slides on four vertical guide bars. This 
| carriage is balanced by the weighted levers shown to 
the right of the machine, and is given a reciprocat- 
ing motion by the crank shown below. This crank is 
independently driven by worm gearing, the speed be- 
ing such that the saw makes 82 strokes per minute. 
This, of course, involves an unusually bigh speed for 
the worm gearing, but the latter is run in oil, and by 
its use it is possible to stop and work the saw in any 
part of its stroke witbout any risk of its running 


TEMPERLEY’S CROSS-CUT SAW. 


TEMPERLEY’S SPECIAL THICKNESSING MACHINE 
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down. The balks to be cross cut are introduced be- 
low the saw, and rest on a table not shown in the 
engraving. The attendant slides the timber forward 
along the table till it comes in contact with an adjust- 
able stop attached to the framing of the machine. 
The saw then descends and cuts off one block As 
soon as the saw is clear again on its up stroke, the 
timber is again fed forward preparatory to another 
block being cat) The output of the machine shown is 
stated to be 18.000 blocks per day, and in those ma- 
chines in which a second saw is mounted on the other 
end of the spindle this number is about doubled. 
The single saw machine weighs, without table, 43 
ewt., and takes about 6 horse power, while the double 
machine weighs 45 ewt. and takes 10 horse power. 
Both varieties of the Australian woods named above 
are liable to twist and warp badly, and as it is essen- 
tial for paving purposes that the blocks shall be of 
equal thiekness, the second machine illustrated has 
been designed for planing down the wood on its 
arrival in this country. As will be seen, it is a plan- 
ing machine of the ordinary type, but with only a 
single set of cutters. The framing, spindles, ete., are, 
moreover, of unusual strength, in view of the extreme 
hardness of the material to be dealt with. The feed is 
automatic, and is accomplished by means of frietion 
rollers. The weight of the tool is 41 cwt., and 6 horse 
power are required to work it. The spindle speed is 
1,000 revolutions per minute.—Engineering. 


CIRCULATION IN WATER TUBE 
BOILERS.* 
By Prof. W. H. WATKINSON. 


THE main object of this paper is to draw attention to 
a series of models, which will be shown in action at the 
meeting, and which | have had constructed in order to 
show the nature of the cireulation in the various types 
of water tube boilers. The tubes in these models are 
of glass, ranging in internal diameter from 3g in, to 
14s in., and the drums are provided with glass ends, so 


above the water level, the rise of level in the inner 
tube is very small,and when the conditions are as 
shown, the circulation is comparatively sluggish. If 
the nozzle, C, however, be turned upward, a mach bet- 
ter circulation is induced, but the action in this case is 
not analogous to that in a boiler. 

Another way of regarding the matter is indicated in 
Fig. 3, where a series of beads are shown attached to 
a fine wire. When the beads are moved either upward 
or downward, a circulation is set up, due to their 
entraining action, exactly as in Fig. 1. 

The circulation, therefore, under the conditions 
shown in Fig. 1 is due solely to entraining action, 
}and not to difference in density of the substance in the 
|two legs. Itis due really to the difference in density 


| between the steam and water in the same leg, which 
}sets up arelative flow of the two, and the entraining 


action. of the rising bubbles’ causes the circulation 
round the cireuit, as well as the local currents which 
are at the same time induced. 

In Fig. 4 steam is being generated more rapidly, and 
portions of the tube are filled with steam to the com- 
plete exclusion of water from these portions. in this 
case a rapid circulation takes place, on account of the 
average density of the substance in A being less than 
that in B. This kind of circulation is by far the most 
thorough, as none of it is merely local. When work- 
ing at atmospheric pressure, at rates exceeding about 
2 lb. of steam per square foot of heating surface per 
hour, and with tubes 1', in. in diameter, the bubbles 
do not fill up the whole diameter of the tube, as shown 
in Fig. 4, but the upper part of the tube becomes filled 
with foam to the complete exelusion of continuous 
water, as shown in Figs. 9, 10, and 12. 

The circulation in this case is, of course, due to the 
difference in density between the foam in tube, A, and 
the corresponding column of water in tube, B, Fig. 12. 

The circulation in this case is also vigorous, but as a 
considerable amount of water falls down from the 
— it is more local, and not as thorough asin the 
ast case, 


DESCRIPTION OF MODELS—MODEL OF BELLEVILLE 


BOILER, FIG. 6. 
This consists of two elements, each containing 12 


7. 


Fig 6 


i} yarrow 


is got rid of by discharging it into the steam drug 
above the water level. 

The action, therefore, isintermittent, and some wat 
is driven backward through the contracted orifice 
during the time plugs of water and steam are being 
pushed forward into the steem drum. The nonre 
turn valves prevent water being driven back throug) 
the downcomers into the stream drum. 

hen warwing up the action is intermittent, as ip 
all cases where the discharge takes place above 
the water level, but in this case there is a violent 
water hammer action, owing tothe form of the end 
boxes, and to steam being generated in several of 
the tubes at once. Steam generated in the lowes 
tube pushes the water up into the upper tubes ; the 
steam -formed in the upper tubes tries to push this 
water back again, at the same time that it pushes the 
water infront of it forward into the upper drum ; and 
on this account when first raising steam the shocks ar 
often very violent. 

When properly in action the circulation is very vig. 
orous and thorough, the alternating plugs of water 
and steam racing each other through the tubes of the 
element at a very high speed. The amount of water 
in the tubes is, however, very small, excepting in the 
lowest tube of each element, which contains much 
more than any of the others. The circulation in the 
| lowest tube of the element is least thorough, and is 
partly alternating. 


MODEL OF YARROW BOILER, FIGS. 7 AND 8 


It will be observed that one-half of this boiler is ar 
ranged with the tubes discharging below the water 
level, asin actual boilers of this type, and the other half 
with tubes discharging above the water level. An ex 
ternal downcomer is provided for each half, and a plug 
is provided so that the downcomer for the drowned 
tubes may be closed. Either half of the boiler may be 
used separately. 

1. Action with the submerged tubes and with the 
downcowmer shut off. 

As soon as the fires are lighted cireulation ecom- 
mences, and when boiling first begins, plugs of steam 
and water are periodically projected into the upper 
drum, causing a pone econ disturbance of the water 


Fig 


Fig. 


that the whole of the action in the boilers can be ob- 
served, 

As there has been a great deal of discussion, and as 
inaccurate views are still prevalent regarding the 
causes of circulation in water tube boilers, it will be 
well, before describing the action in the various models, 
to summarize the author’s conclusions regarding this 
matter, 

CAUSES OF CIRCULATION. 

“ The causes of circulation in water tube boilers : 

“1. The difference in density of the water due to 
difference in temperature when the fires are first 
lighted. This circulation is very sluggish. 

‘2. When the water is all at approximately the 
same temperature, and steam is being generated, 
but not with sufficient rapidity to cause a break in the 
continuity of the water, a much more vigorous, but 
mainly local, circulation is set up by the entraining 
action of the bubbles of steam rising through the 
water, 

“3. When steam is generated with such rapidity 
that in some part of the circuit there 1s steam or foam 
only present, a very rapid circulation takes place, due 
to the difference in density bet ween this steam or foam 
and the continuous water in the downcomers, internal 
or external.” + 

These con Jitions are illustrated by the anuexed dia- 
grams. In Fig. 1 steam is not being generated rapidly 
enough to completely fill any portion of the tube, A, 
with either steam or foam, and the continuity of the 
water in A being unbroken, the only cause of cireula- 
tion, assuming the water to beall at the same tem- 
perature, is the entraining action of the bubbles 
rising through the water. By many the circulation, 
in this ease, is said to be due to the difference bet ween 
the density of the column of water in B and the 
average density of thesteam and water in A. That this 
is not so is shown by the experiment illustrated in Fig. 
2, in which air is sent into the inner tube from a hori- 
zontal nozzle at C. When thetop of the inner tube is 


* Paper read before the Institution of Naval Architects, and published in 
Engineering. 

+ From a paper by the author, Institute of Engineers and Shipbuilders in 
Scotland, January, 18y5, 


|tubes of {§ inch internal diameter joined in series. 
The distance between the centers of the end boxes is 
| 2 feet 3 inches, and the inclination of the tubes is 4 per 
|cent., as in actual boilers of this type. The action of 
the automatic non-return valve at A is very clearly 
shown. Thenormal level of the water is about that of 
| the middle tube, but in starting, in order to prevent 
overheating of the upper tubes, it is necessary to have 
water in all the tubes, 

The action in the Belleville boiler is so different from 
that in any other boiler, that it may be well to explain 
it somewhat fully. As is well known, this boiler con- 
sists of a number of elements connected in parallel be- 
tween the feed distributing box (as I prefé¥ to call it) 
and the steam drum. The total length of tube in each 
element is roughly 150 feet, and as the inclination is 
only 4 per cent. the upper end of this 150 feet of tubing 
is only 6 feet above that of the lower end, and the dis- 
charge into the drum takes place at about 14¢ feet 
above this. 

Ifeach element consisted of one straight tube 150 
feet long instead of 20 tubes connected by end boxes, 
as in the actual boiler, the circulation would be of the 
same nature as that in other water tube boilers, and a 
circulating force of, say, 1 lb, per square inch (assuming 
the head effective for circulation to be 2 feet) might be 
great enough to push the water through the tubes, in 
spite of their great length. Owing, however, to the 
abrupt changes in the direction of flow of the water 
which take place at each junction box, the total re- 
sistance to the flow is too great to allow sufficient cir- 
|culation with this circulating force. 
| To get over this difficulty the orifices through which 

the water flows from the feed distributing box to the 
elements are very contracted, and at the bottom of 
leach of the two downcomers is an automatic nonre- 
turn valve. 

With these arrangements the action of the boiler is 
similar to that in the old-fashioned Savery steam pump; 
| the water is forced into the elements intermittently by 
| the available head of about 2 feet, instead of by the at- 
| mosphere,as in Savery’s pump, the nonreturn valve and 
the contracted orifices serve as the suction valve, the 
steam is generated in the tubes themselves instead of in 
a separate boiler, and the necessity of a delivery valve 


level there. When the boiler is working at a high 
rate of evaporation, the discharge from wost of the 
tubes is practically continuous, and the disturbance of 
the water level not so violent. Some of the tubes, 
which are not as highly heated as the rest, act as 
downecomers, while in some others the flow is alternat- 
ing in direction. When the external downcomer is 
used an improvement is observable in the general cir 
culation ; there is less alternating flow, but some of 
the tubes still act as downcomers. 

When the other half of the boiler is used, in which 
the tubes discharge above the water level, there is, of 
| course, no circulation until boiling begins, but on tiiis 
| aecount steam begins to be formed in the tubes newr- 
jest the fire almost immediately after the heat is ap- 
| plied. This steam projects the water in the upper 
| part of the tubes into the steam drum, cool water 

flowing from the drum through the downcomer to tuke 

the place of the water thus discharged. The action 

during warming up, then, is of av intermittent char 
acter, but as the average temperature of the water 
in the whole boiler is increased, the intervals between 
the discharges become less and less, and when the boiler 
|is working at a high rate of evaporation the action is 
| quite continuous. Each half of this model consists of 
| 16 tubes, in four rows, each tube being ,% inch in 
internal diameter, and the tubes in the different rows 
are opposite the spaces in the other rows, 

The internal diameter of the downcomers is i 
inch, therefore the area of each downcomer is equ 


to Ay the area of all the tubes served by it. 


MODEL OF THORNYCROFT BOILER, FIG. 9. 


This consists of 12 tubes, %, inch in internal dia- 
meter, with a downcomer 14¢ ine es in diameter. 
The area of the downcomer is, therefore, approxi- 
mately equal to the area of the tubes served by it. 
When the heat is applied to this boiler, an intermittent 
discharge of plugs of water is almost immediately set 
up, due to formation of steam in the tubes, although 
the water in the upper and lower drums is practicall¥ 
cold. This action is obviously of great service in pre- 
venting overheating of the upper portions of the tubes 
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which, before this action commences, do not contain 
water. In actual boilers of the Daring type, with in- 
ternal heated downcowmers, circulation of water be- 
tween the drums will be started through the down- 
cowers as soon as the fires are lighted. As before re- 
marked, at high rates of evaporation, even with tubes 
below 4¢ inch in diameter, the water and steaw do not 
follow each other in plugs; the upper halves of the 
tubes are more or less filled with coarse foam, to the 
complete exclusion of continuous water, 

Under these conditions the circulation is wonder- 
fully active, and the water part of the foam is pro- 
jected in a continuous stream right across the steam 
drum, as shown, the steam being given off freely, and 
the water level is only very slightly disturbed. 

MODEL OF BABCOCK BOILER, FIG. 10.- 

This model consists of three tubes, each 1,% inches in 
internal diameter, and the distance between the cen- 
ters of the headers is 33 inches. The tubes are inclined 
at 15° to the horizontal. The circulation in this case 
isdue partly to the entraining action of the bubbles 
moving through the inclined tubes, partly to the foam 
filling the a ends of these tubes, but mainly to 
the column of foam in the front header. When the 
ievel of the water before starting is below that of the 
bottom of the steam drum, a much smaller drum may 
be used, without priming taking place, than when the 
water level is above. When the water level before 
starting is below the bottom of the steam drum (see 
Fig. 10, line A B), as soon as the boiler has got into full 
action, alarge amount of water is carried up into the 
drum along with the steam, and there is a continuous 
and very rapid flow of water along the bottom of the 
drum as shown. 

MODEL OF NICLAUSSE BOILER, FIG. 11. 


In this model there are five tubes, each 1 inch in in- 
ternal diameter and 18inches long. The internal tube 
is 5g inch in internal diameter, and the inclination is 
1). The action is practically the same as in the Bab- 
eock boiler. 

Ev FECT OF INCLINATION OF TUBE ON VELOCITY OF 
CIRCULATION. 

When each tube draws its supply of water directly 
from the water drum, and discharges it directly into a 
steam drum, the greater the inclination of the tubes to 
the horizontal, the better the circulation. If the tubes 
draw their supply from, and discharge their steam in- 
to, headers, the inclination of the tubes does not 
greatly affect the circulation, provided it does not fall 
below about 15°, and provided the currents from the 
different tubes do not interfere with each other. This 
is beeause the circulation in boilers of this type is 
mainly due to the low density of the foam in the upper 
part of the front headers. When the inclination is 
much below 15°, no matter whether the supply of 
water to the tubes is from a back header or is by 
means of internal tubes, the circulation is largely 
ae aa the amount of water in the tubes is very 
sia 

When the tubes are only slightly inclined to the 
horizontal, the only safe way of preventing the water 
being driven out of them is to use a nonreturn valve, 
or a very contracted orifice at the lower end of each 
tube. With a nonreturn valve the tubes may be quite 
horizontal. 


RELATIVE ADVANTAGES OF ABOVE AND BELOW 
WATER DELIVERY OF STEAM. 

When the discharge takes place just at the water 
level, it seems evident that the velocity of circulation 
must be a maximum, because the head of water effect- 
ive for circulation is the same, whether the discharge 
takes place at or below the water level. In the latter 
case, however, part of the energy due to this head is 
expended in giving motion toa considerable body of 
water in the drum, and the velocity of circulation 
through the tubes must necessarily be less than when 
the discharge takes place at the water level. If tubes 
are carried much above the water level the circulation 
is, of course, reduced in these tubes. When the dis- 
charge takes place above the water level the area of 
the downcomer is constant under all conditions, but 
when the discharge is below, this area varies even 
when external downcomers are used, because the num- 
ber of tubes acting as downcomers varies with the rate 
at which steam is being generated. 

When the discharge takes place above the water 
level a much smaller drum may be used for a boiler of 
a given power, and priming is less likely to take place, 
because the water level in the drum is only very slight- 
lv disturbed, whereas when the discharge takes place 
below the water level the disturbance is considerable. 

Should straight or curved tubes be used ? 

From what has been said in connection with the ac- 
tion of the boilers when the fires are first lighted, it will 


to about 8 tons 
which is sufficiently below the limit of elasticity of 
mild steel to prevent injury to the boiler, even should 
the above unlikely difference of temperature ever exist 
bet ween the different tubes of the boiler. By using 
bent tubes it is possible to obtain a much larger amount 
of heating surface for a given number of joints, and a 
given amount of space occupied by the boiler. 


RELATIVE ADVANTAGES OF HEATED AND NON- 
HEATED DOWNCOMERS. 


With a given rate of evaporation from a given 
amount of heating surface, the greatest velocity of cir- 
culation will be obtained when all the heat is supplied 
to the upcomers ; but if additional heat be applied to 
tke downcowmers, the velocity of circulation will be in- 
creased, so long as the amount of heat supplied to the 
downcowmers is insufficient to generate steam with suf- 
ficient rapidity to nearly exclude continuous water at 
some part of the downcomers. In all these models the 
velocity of circulation is increased by applying a 
moderate amount of heat to the downcomers. 

For this reason it is probable that the circulation in 
the Thornycroft boilers is more vigorous in those of 
the Daring type than in those of the Speedy type. 

In boilers where the discharge takes place below the 
water level, as in the Yarrow, Normand, Babcock, 
D’Allest, ete., even when special external downcowmers 
are provided, some of the tubes most remote from the 
fire act as downcomers. 

In connection with downcomers it is important to 
note that the entrance to the downcomers ought to be 
removed as far as possible below the surface of the 
water in the drum, otherwise the reduction in pressure 
just inside the upper end of the downcomer may be 
sufficient to cause steain to be generated in it at that 
part. The steam thus formed would, of course, be 
condensed on its way down by the increased pressure. 
This action is indicated in Fig. 5. In connection with 


r square inch inch of the metal, : tion per hour per square foot of heating surface ac- 


tually subjected to flame being 10°83 pounds: 


Weight of Circulating Water 
Depression of 
= | Water Column. Weight of Feed Water 
z Remarks, 
ee ee Se 
#5 
£ £2 | £2 
sq.in. in. in. Ib Ib. 
OORT 21 37 
The difference 
between these 
was so small 
| that m could 
| not be read. 


By means of the glass tube extension to the upeower, 
it was possible to take the readings of the columns when 
discharging above, and when discharging below the 
water level, inmediately after one another, 

To determine the weight of circulating water in each 
case, separate tests were made for each size of down- 
comer with the upcomer disconnected, and the outlet 
from the bottom drum contracted to give a suitable 
difference of level between the columns. Water at 
about 200° F. was then siphoned into the upper drum, 
and the weight of water flowing down the downcomer 
per minute, and the difference of level of the column 
being obtained, it was possible to determine, with 
considerable accuracy, the weight of circulating water 
under the actual conditions of working as given in the 
above table. 

When I commenced to write this paper my intention 


Fie. 2—GARWOOD’S LINE THROWING GUN. 


internal heated downeomers, insufficient attention 
has, I believe, been paid to the advantages of a few 
tubes of larger diameter being placed in the midst of 
tubes of smaller diameter. 


WEIGHT GF CIRCULATING WATER 
DETERMINATION OF — 


WEIGHT OF FEED WATER 


When considering the best method to be adopted in 
order to determine this ratio, the author first thought 


be evident that when the discharge is above the water | that the best arrangement would be by means of a 
level, some parts of the boiler may be at a very much | circular thin lipped orifice, of known dimensions, 


higher tewperature than other parts. From this it 
seems to follow that, when the discharge is above 
the water level, provision must be made for free ex- 
pansion of the tubes, either by bending them, or by 
leaving the ends free, as in the boilers of Belleville and 
Niclausse. When the discharge is below the water 
level, the temperature throughout will never differ 
much from that of the water, provided the circula- 
tion is good, and in this case straight tubes may* be 
used without difficulty. 

The author has found, by calculation, that when 
evaporating at the rate of 20 pounds of steam per 
square foot of heating surface, the difference in tem- 
perature between the inside and outside of the tube 
is only 2°6° F. for each +, inch in thickness of the tube 
in the case of steel. The temperature of the metal 
will, of course, be a few degrees above that of the 
Water, but the more rapid the circulation, the less the 
difference in temperature between the water and the 
tube. When working at the above rate, if the water 
be entirely driven from the heating surface for one 
second, and the thickness of the tube is 14g inch, the 
rise in temperature in that time will be less than 10° F, 

Assuming a difference of even 100° F. between the 
temperature of some of the tubes and that of others, 
the difference in length ip the case of a tube 5 feet 
long due to this difference in temperature would be 
only 0°04inch, If the external diameter of the tube 
be 1\% inch, and its thickness ly inch, the force neces- 
sary to prevent any increase in length due to this 
jacrease in temperature is 3°15 tons, This corresponds 


placed near the top of the downcomers, but it soon be- 
came evident that although this method might be 
adopted for cases where the discharge takes place 
above the water level, it could not be used in cases 
where the discharge is below the water level, because 
in these cases some of the tubes act as downcomers, 
no matter how large the external downcomer may be. 

In order to get over this difficulty the author used 
the model illustrated in Fig. 12, which consists of only 
one upeomer and one downcomer. By means of the 
loose glass tube shown attached to the brass rod in 
the steam drum, the discharge may be made to take 
place above the water level. After trying various 
methods for measuring the circulation, it was found 
that the simple water column pressure gage was the 
most convenient, and of sufficient accuracy for present 


purposes. 

In Fig. 12 this is shown attached to the top of the 
lower drum, another column being attached to the 
bottom of the steam drum asshown. The head avail- 
able for circulation is the difference in the heights of 
these two columns, and the velocity of the water in 
the downcowers is proportional to the square root of 
this difference of levels. In connection with this, it is 
important to remember that this difference of level 
may be increased, either by an increase in the velocity 
of circulation, or by an increase in the resistance to 
the flow of the water from the upper to the lower drum. 

The following results were obtained with this ap- 
paratus when working at atmospheric pressure and 
evaporating 13 pounds of water per hour, the evapora- 


was merely to deseribe the action in the various models 
shown, but as practically the whole of the problems 
connected with the design of water tube boilers de- 
pend on the nature and amount of circulation under 
various conditions, I was gradually led into a dis- 
cussion of some of the most important problems which 
are affected by the circulation. 


GARWOOD’S LINE THROWING GUN. 


AMONG the inventions submitted to the committee 
appointed to adjudicate in connection with the prize 
offered by the Illustrated Daily Graphic for the best 
apparatus for throwing a line from a stranded ship to 
the shore, was the line throwing gun of Mr, Alfred 
K. Garwood, of Newport, Mon., which we illustrate 
on this page. The committee, consisting of Rear- 
Admiral G. H. Seymour, Captain G. Vyvyan, and 
Captain H. Wyatt, made special reference to this gun 
in the paragraph alloted to honorable mention, as 
follows: ‘“‘Among guns we must also refer to that of 
Mr. Garwood, of Newport, Mon., whose ingenious 
model on a small scale we have seen carry a projectile 
and line with great accuracy of aim and surprising 
length of range.” These remarks referred to a model, 
but since they were made the 2 in. gun shown in Fig. 
1 has been constructed ; it carries a shell weighing, 
with three grapnel irons, 35 lb, (see Fig. 2), or an 
ordinary boat grapnel hung from the projectile, and a 
rope of three strand manila, } in. in circumference, 
weighing 20 lb. Trials made in a field, near the Ponty- 
mister Steel Works Foundry, where the gun was con- 
structed, gave the following results : 


Round, Powder. Range. 
Oz. Yards. 
1 3 90 
2 4 130 
la 
2a 4 135 
3a 6 196 
4 8 250 
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The construction of the gun is shown in Fig. 1,|nerturning. The frame was made of 4 in. by \% in. 
which illustrates a design fitted to be bolted toa ship’s| flat iron, with a 14¢ in. angle riveted to the top edge, 
deck or bridge. In this design the grapnel is hung|and was carried on three wheels, two driving wheels 5 
from the projectile, and is not attached to its nose, as | ft. diameter by 3 in. face, and one steering wheel 8 ft. 
in Fig. 2 The projectile, it will be noted, fits around |diameter by 3 in, face, strongly made of oak, and 

d slips over the outside of the gun, which is of steel, | steel tired ; between the driving axle and frame were 

ith a bore of 2 in., mounted in a revolving socket | long leaf springs, connected with radius rods to the 
table, which can be swiveled to point in any direction, | engine crank shaft; the front wheel was carried by a 
The breech or butt of the gun has a certain amount | fork fitted with sliding bearings supported on spiral 
of end play in the socket, and recoils on the strong | springs and connected by links to the steering handle. 
coiled spring shown, the recoil being controlled by two| The boiler was 2 ft. in diameter by 3 ft. 6 in. high, 
studs passing through slots in the wall of the socket. | and had seventeen Field tubes and thirty-six flue 
The charge of powder is introduced into the barrel of | tabes into smoke box, and worked at a pressare of 150 
the gun in ,the usual manner; a tight fitting disk or lb. per square inch. The engines were placed one on 
wad is then inserted to keep the charge home, leaving | each side of the boiler, and had cylinders 31g in. bore 
about 8 in. of air space in the bore. The projectile, | by 9 in, stroke, and geared 5 to 1 to the driving wheels 
with the grapnel and rope attached, is well greased | by means of pitch chain. 
on the inside and slipped on to the gun, thus com-| The feed pump, which was worked from one of the 
pletely sealing up the air in the gun between the engine crossheads, was specially designed, and proba- 
muzzle and the charge. The firing is effected by the| bly the first of its kind, made to lift and force boiling 
ordinary tube fuse and lanyard. water, and had only one valve. A feed pump made to 

The carriage represented in Fig. 2, with one of the | this design was afterward fitted to Mr. Holt’s steam 
guns mounted ready for service, is one of the ordinary | carriage. 
distress signal gun carriages in use in the Swedish Part of the exhaust steam was turned into the water 
mercantile marine, and thus answers both purposes, 
The rope shown in front of the gun (Fig. 2) is the one 
that was used in carrying out the experiments, and 
would be coiled in a box for the »recisely 
similar to the rope boxes now supplied to the coast- 
guard rocket apparatus. The motion of the projectile 
with the rope attached can be followed by the eye, 
and hence it is quite easy to avoid being hit by it, 
if it should be thrown from ship to shore or ship 
to ship. The rope is attached to the underside of 
the projectile, and is well out of the line of fire, and 
therefore cannot be burned. 


SOME HORSELESS CARRIAGES. 


In 1866 Mr. H. Perey Holt designed and built a horse- 
less carriage herewith illustrated, which he subsequent- 
iy sold to Mr. 8. G. Rhodes, who had previously been 
making a carriage which we now also illustrate. Mr, 
Rhodes of this cerriage says it was one he ** began to 
build in 1863,” and that, *‘ when completed, it did some 
very fairrunning. At first it was direct action on four 
wheels, and not satisfactory, but when altered to the 
form as shown in the drawing, it ran splendidly on 
any road and over new metal.” 

Mr. Rhodes made some alterations in it, including 
the lap of the valves and the position of the eccentrics, 
And writing from the works of Messrs. Rhodes Broth- 
ers, mechanical and electrical engineers, Hanover 
Works, Leeds, Mr. Rhodes says: **The photograph 


shaft for actuating the slide valves ; the eccentrics are 
shown with the straps and eccentric rods removed, 
No link motion is used, as it was not considered neces. 
sary, as the carriage, being only 81¢ ft. long, could be 
turned round with facility ina small space. The omis. 
sion of link motion reduces the number of wearing 
parts, which is an advantage. A wrought iron flange 
plate is riveted in between the side plates on which 
the crank shaft bearings are carried. This plate also 
acts as a stay to the side plates. A small spur pinion 
is keyed on the crank shaft, which gears into a wheel 
on the driving axle ; the ratios of the wheels are 8 to 1, 
There is only one traveling speed, and the constructor 
does not consider this a disadvantage, as the speed 
could be varied by varying the speed of the engines to 
suit most of the roads to be traversed. The carriage 
bas been run at the rate of twenty miles an hour, and 
has traveled up gradients of 1 in 20, 

The hind axle is 2 in. in diameter ; the bearings are 
made of cast iron sliding in the iron plates ; the weight 
of the hind part of the carriage is passed to these axle 
vlocks through long plate springs, as shown in the en- 
gravings. As the crank shaft and main axle are on 


the same horizontal center line, the up and down mo- 


shows myself and twin sons on Hoit’s carriage a quar- 
ter of a century ago; Rhodes Brothers are the same 
twins.” Referring to the pump mentioned in our no- 
tice of Mr. Holt’s carriage, Mr. Rhodes sends a sketch, 
from which the annexed engraving is made, saying 
that he had previously used it on his own carriage. tank to heat the feed, the remainder into the chimney, 

In this engraving 1 is the plunger with rings on the | and rendered noiseless by means of a double cone 
blast nozzle. All the machinery was completely in- 
closed, and the carriage ran successfully for many 
years without any serious accident or complaint, and 
would make from twelve to fourteen miles per bour 
with ease. 

The vehicle made in 1869, by Messrs. Catley & Ayres, 
was exhibited at the Yorkshire Agricultural Society’s 
held at York 1871,and has only been briefly 

referred to in any publication. 

FEED PUMP OF HOLT’S STEAM CARRIAGE. The cntuemasing engraving from a photograph 
shows the machinery, with the carriage body removed 
end ; 2, a cage round pump barrel over the slots with | and a side view of the same. The frame is made of 
water inlet pipe 5; 3, ball delivery valve; and 4, pack- | bar iron 3'¢ in. deep and 5, in. thick, bent to the shape 
ing, which had not any pressure to withstand. required, and the ends welded together. About the 

Of this pane he says: “This pump, when running | middle of the frame there are two pieces of tee iron 
quickly, would lift water in a state of ebullition 3 ft. | and there are transverse bars in other parts for stiffen- 
and force into boiler at 150 square feet. The plunger |ing the structure. The horn plates for the axle boxes 
bared the slots at the end of the stroke, where it was | and the deeper plate for the cylinders are welded in 
moving slowly and coming to a stop; the pump never | the frame. 
failed.” The carriage is propelled by a pair of horizontal en- 

Of his own carriage Mr. Rhodes sends the drawings, | gines driving a short crank shaft, with the two cranks 
from which it appears that the two cylinders are con- | placed at right angles to each other. The cylinders 
nected to one crank shaft with cranks at right angles, | are 25g in. diameter and 5% in. stroke; the piston 
and with a chain pinion on each end driving the road|heads are forged with the rods. The pistons 
wheels, to which chain wheels are attached to the| have grooves cut in them for two steel rings ; each 
spokes. Both wheels are equally driven, no arrange- ring is yin. wide and ¥¢ in. thick. Wrought iron is 
ment being provided for turning corners. Subsequent- | used for the slide bars and crossheads, so as to reduce 
ly the crank shaft was separated into two lengths, and the weight; the wearing surfaces of these parts are 
each engine ran independently, thus allowing for cor- case hardened. Eccentries are keyed to the crank 


YARROW & HILDITCH’S 
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HOLT’S STEAM CARRIAGE, 1867. 


STEAM CARRIAGE, 1862. 


tion of the axle caused by the action of the springs 
will not affeet the spur wheels very much, if the move- 
ment is not excessive. An arrangement like this has 
been used on ove maker’s traction engines for many 
years without any serious inconvenience. 

The driving wheels are 3 ft. 6 in. diameter; the 
twenty spokes in each wheel are made of 44 in. round 
iron, with collars forged on the outer ends faced in the 
lathe, and chased on the ends beyond the collars, as 
shown in Fig. 3. The ends of the spokes are screwed 
into a 2in. by ; in. wrought iron hoop, and into the 
ash tire also; the fellies are doweled together with 
iron pins. At this stage the wheels were sent into the 
foundry to have the bosses cast on, afterward they 
were bored and faced in a lathe; the wood tires 
were also turned on the sides and on the outer edge. 
The outer hoop was next shrunk on; it is made of 2 
in. by 44 in. iron. It will be seen that the inside hoop, 
the wood tire, and outside hoop are riveted together. 
This makes alight and satisfactory wheel. One of 
the driving wheels is keyed to the axle, the other runs 
loose so as to facilitate turning. The front wheel is 2 
ft. in diameter, and is made in the same manner as the 
hind wheels; the leading wheel runs in a fork, the 
spindle of which turns in a double guide of light 
wrought iron; the guide is riveted to the fore part of 
the frame, as shown in the illustrations. Four arms 
are welded on each side of the steerage fork; these 
are secured to a ring, or turn table, which encircles 
the wheel. This ring turns in four small cast iron 
guides; each guide is wounted on a spiral spring, 


CATLEY & AYRES’ STEAM WAGONETTE, 1863-67. 
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and held in position by the front end of the frame. 
The weight of the fore end of the wagonette is — 
ported by these springs. The steerage works well; 
the carriage can be easily guided with one hand on 
the lever. A feed pump is fitted, but not shown in the 
drawing. There are two feed water tanks, one is 
placed in the front, the other at the side under the 
seat; they are connected by a pipe beneath the floor. 
Under the opposite seat is a locker for canvas buckets 
and snail tools. There are places for coal or coke. 
Two of the floor boards are hinged on to the iron 
cross stays of the frame ; each board is 7 in. wide, and 
placed directly over the engine. The engine can be 
readily examined by means of these doors if needful, 
but the machinery is of such a simple character that 


type, the outside shell being steel. 
and a fire grate 21 in. in diameter. 
chance of priming. 


riage is ash, 41g in. deep, lined with edge plates 14 in. 
thick. To the outsides are bolted two iron founda- 


tion plates for carrying the cylinders, ete. On the 


inside of the framing are the driving wheels, which 


which carry the springs; beyond these are fixed 


the cranks, to which one end of the connecting rod is 
attached. The advantages claimed for thus arranging 


are 3 ft. diameter; they have a cast iron boss similar 
to Crosskill’s, and are both keyed on the main driving 
axle; on the outside of these wheels come the bearings 


It is 2 ft. diameter point where its mixture with ground pitch is effected. 
and 3 ft. 9 in. high; it has 40 sq. ft. of heating surface, 
It is fitted with a 
perforated steam pipe round the top to reduce the 
The main framing of the car- 


‘he mixture is then led by creeper and elevator to a 
distributing hopper and then by traveling bands, 
charging elevator and conveyors into two directly 
fired heating ovens. After the mixture is thoroughly 
warned, it is led by creepers to the Couffinball presses, 
which produce briquettes weighing 3 and 5 kilog. (6% 
and 11 pounds), the three presses turning out 175 tons 
of briquettes in a day of ten hours. The larger bri- 

uettes are chiefly used for firing marine boilers and 
the smaller for those of locomotives, says the Engineer- 
ing and Mini:.g Journal. For the requirements of the 
coal preparing and briquette making plant there are 
four steam engines, one for the dry separation, one for 
the washing, one for the briquette factory and the 


CATLEY & AYRES’ STEAM WAGONETTE. 


it requires little or no attention beyond the lubrica- 
tion of the working parts. The driving wheels are 
fitted with lever hand brakes, as shown. 

The boiler is of the vertical fire tube type, construct- 
ed of Lowmoor iron plates. It is 3 ft. high and 1714 
in, external diameter. The shell plates are ¥ in. 
thick and the tube plates are ;, in. thick. A spiral 
tube superheater is fitted in the smoke box made of 
14 ins piping; the steam passes through this coil on | 
its way to the engine cylinders. The iron smoke box 
and chimney are covered with a polished copper cas- 
ing. To prevent the radiation of heat, the boiler is 
coated with a thickness of non-conducting material, 
and polished mahoyanvy lagging outside. Mr. Catley 
tested the boiler with water up to 400 Ib. pressure per 
squire ineh. The working pressure is 150 lb. By 
using good coal very little smoke was made, but coke 
could be used if required. The boiler supplied dry 
steam, and the engines are set to work with an early 
cut-off. The passage of the exhaust steam into the 
chimney base causes very little noise, and therefore 
was not suppressed. Twenty gallons of water and 
about 2 ewt. of fuel can be carried. 

The engine made many journeys during three years, 
carrying four passengers for eight or ten miles round 
York; the speed could be increased up to about twenty 
wiles an hour on good, level roads, and slower rates of 
speed were attained on gradients. Little noise is made 
by the earriage when traveling; there is no vibration 
whatever, and Mr. Catley says, *“‘The horses they 
-p during their numerous journeys took no notice 
of it.” 

An important feature of this steam wagonette is its 
very moderate weight. When the boiler, tanks, and 
bunkers are full, ready for a run, the total weight was 
only 19ewt. Among the objections urged against the 
stenmm engine fer carriage propulsion the supposed 
weight is always dwelt upon. But this example ap- 
pears to show that with careful designing a steam car- 
riage of substantial construction, and well adapted 
for hard work, need not necessarily be as heavy as 
wany that have been built. The reduction in the 
weight is secured by the use of light bars of wrought 
iron for the frame. No cast iron is employed except 
Where it is absolutely necessary, and when it is used 
the parts are made as small as possible. The driving 
gear is simple. The use of one speed cuts down the 
nhunber of parts, and although in respect of the driv- 
ing of only one wheel, and in small details, improve- 
ents could easily be now made, it will be admitted 
that Mr. Catley's carriage presents several features of 
Interest. 

We now publish an illustration, made from a photo- 
graph placed at our disposal by Mr. A. F. Yarrow, of 
Yarrow & Hilditch’s steam carriage shown at the Ex- 
hibition of 1862, ané the following deseription is from 
a paper read by Mr. Yarrow before the Society of En- 
Zineers: 

‘It is made to carry thirteen persons, including a 
steerer and a stoker. The steerer sits in the center of 
the front seat, having one passenger on each side. 
Back to back with them are seats for three others, and 
for six more—three on each side—facing each other. 
By this mode of arranging the seats, it can conveni- 


ently be covered in, with a door ou one or each side 
forentranee. The stoker is placed in the tender be- 


' 
' 


at 


/ AA} 


the parts are: ‘That the gage of the hind wheels, be- 
ing considerably reduced, does not necessitate throw- 
ing the inner one out of gear when turning curves; 
and. secondly, that direct action is obtained without 
having the axle cranked, which past experience has 
shown to be highly objectionable, as the continuous 
jolting very soon oreaks it.’ 

“In order to keep the axle in its right position, a 
link is employed in preference to axle box guides, as, 
by its use, far less friction is caused, and the distance 
between the shaft and eylinder is maintained precisely 
the same, and the action of the valves remains unaf- 
fected by the vertical play of the springs. One end of 
the link is connected to the axle bearings and the other 
toa provision on the foundation plate. The work- 
ing parts are entirely boxed in to protect them from 
dust and grit. The cylinders are 5 in. in diame- 
ter and 9 in. stroke. When fully loaded the weight is 
23¢ tons; about 40 ewt. is carried on the bind wheels 
and 10 ewt. on the front ones.” 


At the newly put up briquette factory in connection 
with the Frohliche Morgensonne Colliery, near Wat- 
tenscheid, Westphalia, the slack is tipped into a stor- 
ing tower, from which it is led by a creeper to the 


hind. The boiler is of the ordinary upright tubular 


RHODES’ STEAM CARRIAGE, 


fourth for leading away the coal from the drying recep- 
tacles to the briquette works; and, owing to this ar- 
rangement, work can be carried on in each department 
independently of the others. 


NEW FRESH WATER DISTILLING 
APPARATUS. 


OF late years great strides have been made in sup- 
plying pure water for marine boilers. Caird & Ray- 
ner, London, E., have recently turned their atten- 
| tion to producivg an improved form of fresh water 
| distilling apparatus for both land and marine pur- 

The illustration shows a complete distilling appa- 
ratus, with evaporator, condenser and pumps. These 
apparatuses have been supplied to the British and 
| foreign admiralties, and to the principal steamship 

companies. They are also being extensively adopted 
in foreign countries for use on land where pure drink- 
ing water is required, For this purpose they can be 
made either fixed or mounted on wheels so as to be 
portable. 

We are indebted to the Steamship, of Leith, Scot- 
land, for the engraving and particulars, 
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ENGINEERING NOTES. 
A French company is going to work the coal deposits 


in the Faroe Islands and to build a pier at deep water | habitants. 


in the harbor of Trangisdaag. 

Russia is pushing the construction of the Tiflis-Kars 
Railway as fast as possible, and will probably have it 
completed by August next. It will enable ber to carry 


an army from the Caucasus to the doors of Turkish | 


Armenia, The line is 19 miles long and is already 
built as far as Alexandropol, fifty miles from Kars. 


After 1899 Sebastopol wiil no longer be a commercial 
port, but the new port of Theodosia, just completed 
»y the Russian government, will take its place. It has 
a jetty 2,044 feet long, and the quays within the port 
are 3,900 feet long, with 24 feet of water. The port has 
a superticial area of 2,500,000 square feet, of which over 
500,000 are paved. 


Engineers know that the strength of wrought iron at 
60° Fah. and at 320° Fah. is practically constant, says 
Engineering Mechanics, while at 30° Fah, the strength 
was greater. Prof. Dewar’s recent researches show 
that the strength of iron wire immersed in liquid air 
at a temperature of —320° Fah. is raised from 34 tons 
to 62 tons per square inch. 


The moving sidewalk at the Columbian Exposition is | 


to have its counterpart at the Berlin Industrial Expo- 
sition next summer, where a “stufenbahn” or “step 
railway ” is now being built. A pamber of platforms 
running alongside of -ach other are propelied by elec- 
tricity, which is furnished to motors by underground 
wires. The different platforms run at different speeds, 
The first advances at the rate of about three feet per 
second, while the fourth advances at the rate of twelve 
feet per second, The last platform is provided with a 
double seat and is roofed over, making travel on this 
road pleasant, 


The great advantage of the means of communication 
of this kind is that it enables passengers to begin the 
trip at any moment, 


An unboxed fly wheel acts as a centrifugal air pump 
orfan, Air flows into the wheel at the center and is 
thrown off at the rim. Power is consumed in impart- 
ing motion to this air, just as it would be in es 
it by any other means. When the valve is closed on 
a centrifugal pump the consumption of power ceases 
beyond that necessary to revolve the shaft in its bear- 
ings and overcome the friction of the fluid which has 
been shut in. A close easing about the wheel might 
be expected to reduce this fan action and thus reduce 
the work of turning the wheel. On the other hand, 
the fan action may be usefully applied. We know of 
a case where the air is taken from the outer edge of a 
flywheel casing and conducted through a coil heater 
into the mill, the excess of pressure at the rim casing 
being sufficient for the purpose.—Electrical Review. 


The fact is well known that a mixture of tungsten 


with steel imparts to the latter so great a degree of | 


hardness that it readily scratches glass and quartz. 


Recent investigations have thrown light upon this | 


somewhat remarkable phenomenon—that is, a de- 


finitely erystallized compound of iron and tungsten is | 


announced as having lately been discovered, the erys- 
tals being so hard as to be capable of scratching topaz. 
Tungsten is a brittle white metal, almost as heavy as 
gold, and the erystals formed by its combination with 
iron, in the proportion of one atom of iron to two of 
tungsten, are silver gray and very brilliant. The con- 
clusion arrived at by experts in this line is that, on 
tungsten being alloyed with steel, some of the com- 
pound just described is formed in the mass, thereby 
producing the remarkable increase in the hardness of 
steel and adding to its usefulness, 


The number of sinall railroad 
which have been built within recent years is remarka- 
bly large. Their owners are principally lumber and 
mining companies who have constructed them origi- 
nally for earrying timber, ore, ete., to mills and fur- 
naces or to some larger system to which they usually 


eonnect. The Manufacturers’ Record has been compil- | 


ing a summary of these private railroad lines in the 
Southern States, which shows that about $11,500,000 
capital is now invested in them, and that the mileage 
is very extensive. In North Carolina alone nearly 300 
miles of such lines have been built. The longest pri- 
vate road is in Southeastern Texas, It isa tram road 
75 miles in extent. In Kentucky, North Carolina, 
Texas and Georgia the investment of capital in these 
roads has exceeded $1,000,000 in each case. The figures 
given by the Manufacturers’ Record show that the 
yvreater number have been very profitable, one line in 
North Carolina earning 10 per cent. in annual divi- 
dends, while another company has built 15 miles of 
extension from the profits of 25 miles in operation. 


When the Compagnie des Mines d’Anzin were about 


to sink two shafts near Vieq, quicksand was met | 


with about 3 ft. below the surface; 0 ft. lower 
followed a tertiary argillaceous sand, and under it a 
loose chalk with water, which threatened to break 
through the tertiary sand. Freezing was, therefore, 
resorted to, says the Railway Review. The shafts 
were to be 5 and 3°65 meters (about 16 and 12 ft.) in di- 
ameter. They were each surrounded by a ring of 
boreholes; the ring of the larger shaft was 20 ft. in 
diameter, that of the smaller, 17 ft. The boreholes 
had a width of 10°2 in. A pipe was inserted in each 
borehole, and two concentric pipes, the inner 1°2, the 
outer 45 in. in width, were fitted into each of these 
pipes. The concentric pipes were joined to a ring 
above, communicating with the cold brine produced 
by a Linde ammonia machine. The cold liquid, a 
solution of calcium chloride, flowed down the inner 
pipe and upin the space between the two to return 
to the cisterns. The plant comprised a twin 200 horse 
power engine, driving by its flywheel and belting a 
tourfold) Linde compressor, two Burton pumps to 
cool the ammonia and two more pumps of the same 
type to keep the brine in cireulation, which was cooled 
down to —4 Fah. About 67 cu. ‘ft. of brine cireu- 
lated every minute; the plant might have produced 
10,000 Ib. of ice an hour. Over eight miles of pipes 
were needed altogether. With the belp of this plant 
the ground was frozen, and the shafts pushed lower 
and lower, They are now over 160 ft, deep. 


This railway will perform the same | 
service as the Intramural Railway did in Chicago. | 


lines in the South | 


ELECTRICAL NOTES. 


Stockholm has a telephone for every twenty-six in- 
There are now 28,500 miles of phone 
lines in Sweden. 


The result of some experiments of the loss of light due 
| to the use of frosted globes for are lamps shows the ab- 
|sorption to be remarkably small, the loss being only 
| 11 per cent. 


The City and South London Railway has just com- 
pleted its first five years of existence. During this 
| time it has carried 30,441,609 ngers. It now finds 
itself unable to handle the increased traffic at night 
and moruing. 


Como, the native town of Alessandro Volta, is going 
to celebrate the hundredth anniversary of the inven- 
tion of the voltaic cell by an electrical congress and an 
electrical industrial exhibition. A square is already 
adorned by a statue of him. 


The experiment of heating a theater by electricity has 
| been tried at the London Vaudeville. Storage batteries 
| were employed connected with electric radiators. The 
great advantage of this method of heating theaters 
\is that it insures safety against fire, if the wiring is 
|}done properly, and it is valuable on account of the 
uniformity with which the heat is distributed. It is 
said that the expense was less than 70 cents per hour, 


The Western Electrician, of Chicago. enumerates 
some of M. A. D’Arsonval’s results in measuring the 
electrical power of the so-called torpedo ray. In one 
ease he found the discharge to be 11 amperes at a 
pressure of 25 volts. By connecting the fish with two 
plates of tin, one on the upper side and the other on 
the lower, he succeeded in lighting a small lamp sev- 
eral times. The upper surface is positive and the un- 
der surface negative. 


In a recent number of the Engineering News, atten- 
tion was called tothe effects on the magnetic needles of 
‘surveying instruments, caused by carrying them on 
| trolley cars, as the magnetism of the motors affects 
that of the needle, either reversing the magnetisin 
completely or changing its intensity. It is recom- 
mended that surveyors keep their instruments as far 
as possible away from the motors. It is said that the 
United States Geological Survey is having trouble in 
determining the magnetic variation in Philadelphia, 
on account of pipes and other conductors in the 
earth beneath the city carrying so many electric cur- 
rents. 


The annual report of the American Bell Telephone 
Company gives some interesting particulars of the tel- 
ephone in the United States. The total number of 
metallic cireuit stations on January 1 was 97,747, a 
gain of 40,067 fur the year. In the long distance com- 
panies’ system there are in operation 5,804 miles of 
| pole line and cables and 90.251 miles of wire, which 
serve 149 offices. The principal cities and towns through 
most of the States east of the Mississippi are now con- 
nected by telephone, and a conversation can now be 
held over distances of 1,500 miles, which is twice as 
great as the length of any telephone line outside of 
the United States. Within the last five years 130,000 
miles of telephone wire have been placed under 
ground. 


The electrical production of metallic mirrors forms the 
subject of a patent taken out by Herr Hans Boas, of 
Kiel, says Electric Power. The method is based upon 
the by no means new observation that various metals 
—those of high specific gravity, therefore particularly 
the precious metals—inclosed as electrodes in a Geiss- 
ler tube or other vacuum tube, upon the passage of an 
electric discharge, for example, of an induction coil or 
of a bigh pressure direct or alternating current, in so 
far as they form the cathodes, are dissipated and de- 
If the tube or the 


| posited on the walls of the vessel. 
holder be filled with an oxygen-free gas of low press- 
ure, say with hydrogen, the metal is compactly depos- 
ited on the sides of the vessel, producing the mirror of 
fine quality. 


In the short space of one year the number of elec- 
tric railways in Europe hus increased from 43 to 70, 
and the aggregate length of the lines from 189 to 434 
miles, says the Electric Railway Gazette. The 
total capacity of central stations has grown in the 
same time from 10,650 to 18150 kilowatts, and the 
number of motor cars frow 588 to 1,286. Germany leads 
the list with 227 miles of line, France comes next with 
59°7 miles, England with 42°6 miles, Austria-Hungary 
with 278 miles, Switzerland with 23 miles, Belgium 
with 13°4 miles, Italy with 11°7 miles. Spain with 8°7 
miles, Russia and Servia with 6°2 miles each, Sweden 
and Norway with 4 miles, and Roumania with 33 miles. 
Germany has 22 separate lines in service, England bas 

| 18, France 11, and Switzerland 8. Out of 70 lines, 55 
use the trolley system of overhead conductors. 


In Germany for many years past bronze wire has 
| been in use for telephone lines, on aceount of its con- 
| ductivity being superior to that of iron or steel wires. 
| Besides bronze wires covered with copper, a number 
|of German makers have also brought out numerous 
double metal wires, under the name of compound 
wire, bimetallic wire, double metal wire, double bronze 
wire, patent bronze wire, etc. These wires have acore 
of steel or alaminum bronze, with a high tensile 
strength, and are covered with copper or bronze of a 
high conductivity, and experiments with these wires 
having been made with a view tocomparing them with 
bronze wire for telephonic purposes, the results are 
claimed to show that they have important properties 
available in that way. It is stated, for example, that 
a telephone line with a bimetallic conductor will work 
much more perfectly than with a conductor of a single 
metal, such as copper; less insulation, too, is said to 
be needed for such a conductor than for copper or an 
other material, and hence such wires laid on the earth 
without special insulation permit a telephonic connec- 
tion to a much greater distance. The final experi- 
ments in this line, however, are to the effect that the 
double metal wires are really no more valuable than 
the pure copper wire, but that the distance to which 
telephonic transmission by bare wires laid upon the 
earth is possible depends mainly upon the size and 
weight of the wires, presuming all the conditions are 
similar, 


MISCELLANEOUS NOTES. 


The authorities of St. Petersburg are said to be eon. 
templating the admission of none but rubber tired 
vehicles on certain streets, as wheels equipped with 
ordinary tires splash so badly. 

In Great Britain and Ireland, from 1889 to 1898 ip- 
clusive, some 4,526 strikes occurred, says the Many 
facturer. They affected 1,852,103 persons. The success 
ful strikes affected 44°5 per cent. of this total num- 
ber; the partially successful, 33°9 per cent. ; and the 
unsuccessful, 21°6 per cent. 

The State censuses taken last year indicate that the 
East is growing more rapidly than the West, says the 
Keystone. In the five years since 1890, Massachusetts 
gained in population 262,000, or 11°7 per cent. The 
gain of New Jersey was 313,000, or 15°7 per cent, 
lowa’s corresponding gain was 146,000, or 7°6 per cent, 
Kansas reports a loss since 1890, and Oregon’s increase 
in five years is not quite 8 per cent. In 1790 the cen- 
ter of population lay in Baltimore ; in 1890 it lay in 
Indianapolis, 500 miles west ward. 


In a recent lecture before a teachers’ association of 
Turin, says the Medical Record, Prof. Lombroso dwelt 
upon the practical advantages of a knowledge of the 
science of criminal anthropology to those who have to 
do with the training of the young. The inclinations 
of the child, he said, are almost the same as those of 
the adult criminal, but usually disappear as age ad- 
vances, In some instances, however, these character- 
istics continue and become more and more marked, 
In these cases there are associated physical peculiari- 
ties, and it is in the detection and pointing out of these 

ible criminals of the future that the speaker be- 
ieved the teacher can do so much truly useful work. 


A statistician compiled the following figures, show. 
ing the cost of nourishment for the various nations; 
The average Englishman consumes $250 worth of food 
per year ; Germans and Austrians, $216 worth ; French- 
men, $212; Italians, $110, and the Russians only 396 
worth of eatables per year. In the consumption of 
meat the English-speaking nations are also in the lead, 
with 128 pounds of meata year per capita of the popa. 
lation ; the Frenchman using 95 pounds; Austrians, 
79; Germans, 72; Italians, 52; Russians,50. The con- 
sumption of bread is reversed being compared to that 
of meat. The English use 410 pounds a year; the 
Frenchman, 595; the Austrians, 605; Germans, 620; 
Spanish, 640; Italians, 660; the Russians, 725. 


A somewhat heroic French scientist, says the New 
York Tribune, is credited with having bol y declared 
that a large number of nervous maladies from which 
girls at the present day suffer are to be attributed to 
playing the piano. Statistics show, according to this 
authority, that of 1,000 girls who study this instru- 
ment oe he the age of twelve, no less than 600 suffer 
from this class of disorders, while of those who do not 
begin till later there are only some 200 per 1,000, and 
only 100 per 1,000 among those who have never worked 
it; the violin is also proved to be equally injurious, 
The remedy suggested is that children should not be 
permitted to bm either instrument before the age of 
sixteen at least, or in case of delicate constitutions, not 
till a still later age. 

A dispatch from Berlin says: ‘‘ Herr Krape. the gun- 
maker, is the richest Prussian subject. e is taxed 
on an income of 7,135,000 marks ($1,700,100). This is 
nearly half the crown donation which the Emperor 
gets as King of Prussia. Baron Rothschild is classed 
as the second richest subject, with an income of 5, 
848,000 marks ($1,400,000). Count Hutten-Czapskia, 
captain of the Fourteenth Hussars, is the third richest 
Prussian subject, with an income of 3,085,000 marks, 
upon which he pays a tax of 123,400 marks. Only 
seven persons had incomes over 2,000,000 marks ($476,- 
000), and only thirteen persons had incomes between 
1,000,000 and 2,000,000 marks, compared with eighteen 
such fortunates in 1895. Those liable to an income 
tax by reason of having incomes of over 900 marks 
comprise three-tenths of the population.” 


According to the discoveries of Zsigmondi, says the 
Pottery Gazette, it is possible, says a contemporary, 
by the addition of small quantities of protoxide of 
iron, to produce glass which possesses sufficient trans- 
mission for rays of light, while allowing the passage 
of a small quantity of heat only. Such glass is 
especially adapted to the manufacture of protective 
shades against radiating heat, which would be of great 
value to many industries as well as to the single light- 
ing bodies. Of similar importance are those discoveries 
for the production of good window glass. Asis well 
known, window glass may show a rather strong green 
coloring without its being noticed much or disagree 
ably when putin the windows. By using glass con- 
taining protoxide of iron it would, therefore, be 
— to detain to the greater extent the radiant 

eat produced in the interior of the room, as well as 
the caloric rays of the sun falling from the outside 
upon the windows. This, however, already happens 
to a very considerable extent with the everyday glass 
of commerce. 

The various attenate which have been made to ob- 
tain an accurate imitation of wood in glass have now 
been successful. The process by which the effect is 
produced is quite simple, says the Upholsterer, and 
consists in clouding a sheet of plain or ground glass 
on the reverse side with a liquid dye of a propet 
color to represent any desired wood. The dye is ap 
= by means of a sponge, so manipulated as to 

ring out the semblance of the grain of the wood on 
the glass surface. A badger brush is used to soften 
the shading, and the glass is then covered with var 
nish; this leaves the grain clear, distinct and fast, 
without the necessity of using any gelatinous sub- 
stance, which would render it liable to shrink into 
crinkles, thus spoiling the effect. To complete tle 
operation the glass is heatec slightly, and the various 
shades required for the particular wood are caused to 
spread over it by means of a syringe, the merging of 
the shadings into-each other being prevented by 
slightly heating the glass. The whole is made of 4 
semitransparent aspect by means of another coat of 
varnish, which also preserves and protects the dyes 
and with this final dealing the exterior or surface is 
—_ to t the appearance of a highly polished 
Ww 
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SELECTED FORMULZ. 


Magic Cloth and Glove Cleaner.—This is intended for 
silk or dress goods, gloves, ribbons, etc. It will not 
stain nor discolor, 


RTT 1 gal. 
Chloroform.........--. 
Bisulphide of carbon .........+.... .. 1“ 
Essential oil of alumonds........ .... .. 5 drops. 
Oil of bergamot.... ........-.... .... 1drachm 
Mix them. To be applied with a sponge or soft 
cloth. Gloves are best cleaned on the hand. This 


preparation should not be made or used at night or in 
a room where there is a fire, as itis very inflamma- 
ble.—The Formulary. 


Sheep Dip.— 
1. Creolin-Pearson............ 
Crude carbolic acid............... 1 pint. 


Dissolve the soap in the water with the aid of gentle 
heat (140° F.), and incorporate the carboliec acid ; then 
cool down to 110° F. and dip the sheep. For the sheep 
scab mites the temperature should be 120° F., and the 
scabs should be completely broken up by means of a 
corn cob. 


Dissolve. 

4. Arsenious acid (powder) ..... ..... 602 
Potassium carbonate........ 
Hillsboro root (bruised)............ 


Boil the ingredients in a portion of the water for 
bedf an hour, or until the arsenious acid is dissolved ; 
then add the remainder of the water and strain 
through a coarse sieve.—Merck’s Market Report. 


CARBOLIC ACID DIP. 


Crude earbolic acid.... ............ 1 pint. 


Dissolve soap in one gallon or more of boiling water ; 
add aeid ; stir thoroughly, and add to remainder of the 
water. Keep the mixture well thinned and do not 
allow it to get into the mouth, nostrils or eyes of the 
slieep. Hold each sheep in the bath not less than half 
a minute. 

LOW’S SHEEP DIP. 


Oll Of tar... 8 pints, 
. 20 pounds. 
Water...... . 50 gallons. 


Steep the tobacco in three successive portions of 
water, expressing each time; then add other ingre- 
dients to the liquid. 


To Disguise the Taste of Castor Oil. —Hostelly strongly 
recommends the following formula: 


Arom. fl. ext. yerba santa ........... tl. 

Fi. ext. licorice ............. Biacaknks 146 fl. oz. 
Oil cinnamon ...... 36 ff, dr. 
Magnesium carbonate.......... .... dr. 
Simple elixir, tomake .... ..... 1_ pint. 

—Druggists’ Circular. 
To Clean Belts.—A correspondent of the Cen-| 


tralblatt fur die Textil-Industrie who complains that 
several belts are dirty from drop oil and dust and de- 
sires to know how to clean them is told to first wash 
the belts with warm water and soap, using a sharp, 
stiff brush, and while sti!l moist, to rub them with a 
solution of sal ammoniac, which saponifies the oil in 
them. Immediately thereafter the belts must be 
rinsed well with lukewarm water and then dried with 
sufficient tension. While they are still moist the belts 
are to be rubbed well on the inside, and less on the 
outside with the following unguent : 1 kilog. (2 lb. 3, 
oz.) India rubber heated to 122° F. and mixed with 1 
kilog. rectified turpentine oil. After the solution is 
cowplete, 780 grammes (27 oz.) bright resin are added, 
and when it is dissolved, 750 grammes (2614 oz.) yellow 
wax are added. This mixture, by diligent stirring, is 
mixed with 3 kilog. (6 Ib. 10 oz.) fish oil and 1'4 kilog. 
2 Ib. 12 oz.) tallow previously dissolved in the former. 
lu the further treatment of the belt, rub jthe inside 
only and the outside only the first time as stated. 
This unguent also replaces the tannin extracted from 
the leather, prevents the dragging of the belt and im- 
parts elasticity to it.—Industrial Record. 


Fertilizers.— 
FERTILIZER FOR GARDENS. 

Ammonium sulphate..... ...... .. 10 parts. 

Ammonium phosphate......... 30 
Potassium nitrate... .......0 45 

FERTILIZER FOR LAWNS, 
Potassium nitrate ...... ...... 30 parts. 
Calcium sulphate ...... 
Calcium superphosphate............. « 
FERTILIZER FOR FRUIT TREES, 

Potassium chloride....... ...... .... 100 parts. 
Potassium nitrate................... 500 
Potassium phosphate ........... .. 


This total amount of 1,170 grammes to be used for 
one tree.—Rev. Chem. Ind. 


CHEMICAL GUANO, GRANDEAU. 


Calcium nitrate....... 100 parts. 
Potassium nitrate............... .... 25 
Potassium phosphate...............- 


eee 2 


Magnesium sulphate ..... 


Dissolve from 4 to 10 grammes of this powder in 1 


liter of water, and water each pot plant with this 
once or twice a month. The plants must be in full 
vegetation.—Rev. Horticult. 


Chloride of Bromine as a Solvent for Gold.—One of the 
most notable processes of its kind, says the Boston 
Journal of Commerce, is that recently brought for- 
ward by a New Zealand inventor, Dr. Gaze, for the use 
of chloride of bromine as a solvent for gold, the em- 

lovment of caustic soda to recover the chlorine and 
Castine for use, and the recovery of the gold from 

electrolysis instead of by chemical 
he most important feature is said to 


the solution b 
recipitants. 


»e the method adopted for making the solvent used | 


in gold extracting by means of a containing vessel of 
about three feet diameter and two feet deep. In this 
vessel are placed a number of porous cells filled with 
lain water, each porous cell having a number of car- 
p rods placed in it, and the containing vessel itself 
filled with a strong solution of chloride and bromide 
of sodium, and more carbon rods are immersed in the 
solution ; the whole is fitted with a lid, one set of car- 
bons being connected with one pole of a powerful 
dynamo machine and the other set with the other 
pole. On passing a strong current of electricity 
through the electrodes, the salts are separated, the 
ehlorine and bromine uniting, and the chloride of 
bromine thus formed is foreed into a vessel overhead, 


Gold for Decorating Porcelain.—Dissolve in a tared 
eapsule any convenient quantity of pure gold in nitro- 
hydrochloric acid and add to the solution sufficient 
uranium oxide to impart a rich brown color. Evapo- 
rate the liquid to dryness on a sand bath, cool the cap- 
sule, and weigh. Then to the residue so ascertained 
and counted as one part, add : 


Balphar... 1 part, 
py 


With due precautions against the mixture igniting, 
heat it over a quick fire, with constant agitation, until 
it becomes homogeneous and acquires a fine reddish 
brown color. Add while still hot sufficient rosemary 
oil to give it the consistency of athick sirup. Finally, 
for every 100 parts of the gold originally used, add 35 
parts of bismuth flux (bismuth trioxide, or bistuuthous 
oxide, obtained by gently igniting basic bismuth ni- 
trate), and let cool.—Bulletin of Pharmacy. 


Sea Foam without Ammonia for Barber’s Use.—T'o get 
a profuse lather in using a shampoo, soap should be 
present in the liquid or powder, or preferably soap 
bark. Grease will not be as readily removed as by 
alkali alone, but that will make no practical difference 
in most cases, 


Potassium carbonate............. 
Tinet. quillaja. 

8 ounces, 
Water...... * 


Sheepskins.—Wash the hide in warm water 
and remove all the fleshy matter from the inner sur- 
face and loose dirt from the woolly side. Now wash in 
strong, rather warm soapsuds. The old fashioned soft 
soap made from wood ashes is best, Either rub by 
hand or gently on a washboard. As soon as thorough- 
ly cleansed and rinsed, press as much of the water out 
as possible. Add the following mixture to the flesh 
side; Common salt and ground alum, one-fourth 
ounce each, and one-half ounce of borax, dissolved in 
one quart of hot water. When _ sufficiently cool to 
work with the hand, add enough rye meal to make 
a thick paste. Spread the mixture on the flesh side ; 
fold and let remain in a shady, airy place for two 
weeks ; remove the paste and wash. (They may now 
be dyed with any color used on woolen cloths, if so de- 
sired, being careful not to have the dye hot enough to 
cook the skin.) When nearly dry, scrape the flesh side 
thoroughly with a dull knife, rub with tne hands un- 
til the skin is soft and pliable. Comb the wool when dry. 
A speedier and perhaps as reliable a method is: For 
one sheepskin, one pound of salt, half pound of alum, 
two tablespoonfuls of saltpeter. Spread the hide out 
smoothly as soon as taken from the sheep. Rub the 
mixture well in, on the flesh side, turn the head to the 
tail, leaving the woolly side out, roll smoothly and 
closely, tie with a string and let remain five days. 
Spread and tack it, woolly side in, against the side of 


4 drachms, 
2 ounces, 


an outhouse, Scrape all the flesh and grease off with | 


a dull knife, wash with warm water and soap, using 
as much suds as required to remove all fatty aud oily 
matter. While drying, rub sufficiently to keep it soft. 
—Country Gentleman. 


Kerosene Emulsion for Insects on Animals,— 
Fresh skimmed milk....-.......... 

Churn together until emulsified. Use one gallon of 

this emulsion to ten of water and apply. 


Egg Phosphate, — 
Lemon or orange sirup... 1-114 ounces. 
Compound phosphate so- 
lution. 1-2 fluid drachms, 
Shaven 2 ounces, 
Into the tambler put the articles in the above order ; 
add ice water two ounces ; shake vigorously or pour it 
from one tumbler to another several times; pour 
through a strainer and fill up the glass with car- 
bonated water. 


Paste for Attaching Paper to Glass.— 


Potassium bichromate...... - 5 grains, 


The flour must be rubbed to a smooth paste with 
the water, then placed in a saucepan over the fire, and 
kept stirred until it boils. Add the bichromate slowly, 
stirring all the time; then stand to cool. The paste 
must be kept in the dark, and used as soon as possible. 
Soak the paper in it, and attach to the glass, then 
place in direct sunlight for a day. This sets up a 
chemical change in the bichromate, and renders the 


paste insoluble, 


A CAMERA SWINGBACK INDICATOR AND 
HOW TO MAKE IT. 


By Rev. F. C. LAMBERT, M.A, 


SomE vears ago I tried various fornis of plumb indi- 
eators, circular, oblong and other shaped spirit levels, 
but very soon came back to a simple home made arti- 
cle which the experience of time has firmly established 
in my affections, Like many useful things, it is char- 
acterized by extreme simplicity, and can be made and 
fitted to any ordinary stand camera by any who can 
use his hands with a modicum of deftness. We need, 
for a whole plate camera, for example, one moderately 
| stout, straight, steel knitting needle (generally sold in 
| sets of four for one penny or so, at any draper’s or fan- 
|ey shop), a couple of moderately stout pins, a pair of 
‘round nosed pliers, and a pair of square-end cutting 
| pliers and a eandle or gas flame. The round nosed 
| pliers are not a necessity, but a convenience. 
| Proceed as follows: Select a perfectly straight knit- 
ting needle. (Its straightness can be tested by laving 
on a sheet of glass, old negative, etc., and rolling back 
and forward by laying the finger on it about the wid- 
dle of the needle.) 

Slowly heat one end of the needle in the candle, spirit 
lamp, or gas flame or fire, until red hot, then seizing 
this end with the pliers, give it a loop end, such as is 
shown iv Fig. 1. Heat it again at the neck, and bend 
the neck slightly back to come into the form shown in 
| Fig. 2. Now take one of your fairly long but not very 

stout pins. Cut off the head quite close, and in a 
| slantin direction, so as to give its thick end some- 
| what of a point, a, then bend it (cold) into the form 
'shown in Fig. 3; the loop, b, is purposely exagger- 
ated in its distance from the pointed arm, ¢, but a very 
slight distance between b and c is only really needf ub 


Fig. 4. 


(Fig 1. Fig.2. Fig. 3. 


Fig. 6. 


w 


The second pin is decapitated, pointed and then bent 
into the form of a square staple, as shown in Fig. 4. 

Now, to fix the apparatus. The camera is opened 
out, and the side oppusite to that where the slides 
go in and out selected 

As the contrivance is intended to show when the 
swingback is vertical, it must be fixed to the part 
which swings, bet not tothereversing part. With the 
aid of a stout needle held by the pliers, small holes are 
made to receive the points or ends of the staple, 3. 

The knitting needle loop is passed into the loop, b, 
and the staple then gently driven home until the 
eurved part only projects, as shown in Fig. 5. It 
will now be seen that the use and object of vhe curved 
part of the pin is just, and only just, to prevent the 
hanging long needle touching the wood. If the sta- 
ple were square, as in 4, this would be the case, and it 
would not swing freely. The square staple, 4, is used 


about a quarter of an inch above the straight end 


|of the needle to confine the swing to reasonable lim- 


its. The final arrangement of parts is shown in Fig. 
6, which I hope is sufficiently self-explanatory. The 
dot below the end of the needle, marked p, is the 

int which shows where the end of the needle ought 

be when the swingback is quite vertical. A 
small white pin is selected, and the head part cut 
off to within about a quarter of an inch, using the 
cutting =" aslant, so as to leave somewhat of a 
point. his is then gently driven into the wood, so 
as to leave the head quite flush with the wood sur- 
face when the vertical point is ascertained. 

In this way this needle serves a twofold purpose, 
and it shows when the swingback is vertical, and 
also shows when the top of the camera is horizontal. 
For if we glance at it sideways, having the view of 


things as shown in Fig. 5, we can see that the needle 

is hanging clear, i. e., not touching the wood on the 

one side, and not the bottom staple on the other. 
One or two words of caution are perhaps needed : 
(1) If the point of the needle projects below the 
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bottom staple more than a quarter of an inch, the 
focusing cloth is liable to get caught in it, and the 
camera may be upset. 

(2) The needle must be quite straight or it will not 
swing freely. 

(83) The longer it is, the more sensitive and delicate 
its indications, It need not, however, exceed about 
seven or eight inches in any case, but for a quarter- 
plate camera it should be as long as is convenient. 

(4) It should be rubbed now and again with vase- 
line to prevent rust, If the least bit of rust gets in 
the loop, b. it is apt to stick. In all cases, therefore, 
touch it lightly with the finger to see that it is io 
healthy working order. 

(5) The very stout needles are not so good as the 
moderate sizes, as the former are generally much 
thicker with the needle than toward the ends, and 
| rub against the wood and do not swing so 
reely. 


ACETYLENE FOR DOMESTIC LIGHTING. 


THERE is a phenomenon about to occur, the impor- 
tance of which it is well to emphasize, since it marks 
an abrupt halt, almost a reaction, in the social evolu- 


SECTION OF AN ACETYLENE GENERATOR. 


A, water reservoir; D, rod carrying the carburet of calcium basket, B; 
R, tube through which the acetylene makes its exit. 


tion of recent years. In fact, centralization is now 
everywhere triumphing. Large cities are absorbing 
the inhabitants of the rural districts and forming a 
void in villages ; large stores are prospering at the ex- 
pense of humbler establishments ; and transportation 
is in the hands of large companies. And yet the 
reign of the large gas and electric light companies is 
about over, for the possibility of producing at will all 
the light that one has need of at home, and with a 
compact and cheap apparatus, will shortly be realized. 
The agent of this economic revolution is a gas, a car- 
buret of hydrogen—acetylene. 

It was the great chemist Berthelot who first stu- 
died acetylene. This was in 1862. He made known 
the remarkable properties of this gas, and especially 
its intense illuminating power, and sneceeded in ef- 
fecting the synthesis of it by combining the two 
elements carbon and hydrogen, under the action of 
the electric are. This memorable experiment was the 


forerunner of all the discoveries that have been made | brilliancy is because, in consequence of incomplete 
by the chemists of the entire world for the last thirty | combustion, carbon set at liberty and rendered incan- 
ears. But acetylene remained a laboratory gas for a‘ descent exists in their flame. The pale flame of hydro- 
ong time, since it was possible to obtain but small gen wili become very brilliant if some such solid body 


quantities of it, aud that only by costly processes. It 
belonged to Mr. Moissan, another French scientist, to 
discover a method of manufacturing it industrially. 


It had been found that upon putting carburet of | 


ealcium in contact with water, there immediately oc- 
curred a tumultuous disengagement of various gases, 
among which acetylene predominated. As the carbu- 
ret of calcium was impure, the acetylene was likewise 
charged with impurities. The method of obtaining 
pure carburet of calcium was pointed out by Mr. 
Moissan. In the month of March, 1894, he submitted 
to the Academy of Sciences some specimens of crystal- 
lized carburet of calcium obtained in the simplest 
manner in the same electric furnace by meaus of 
which he had manufactured diamonds, It suffices to 
place in this furnace, in the presence of two carbon 
electrodes, between which circulates an electric cur- 
rent of great intensity capable of developing a tem- 
perature of 3,000°, a mixture of carbon and lime in 
order to cause the calcium to immediately combine 


SECTION OF A PORTABLE LAMP. 


A, water reservoir; T, tube for entrance of the water; B, large tube 
containing the carburet cylinder, C; F, rubber ball valve, 


with the carbon in giving rise to pure carburet of cal- 
cium, while at the same time the oxygen of the lime 
unites with a part of the carbon and forms carbonic 
oxide. The carburet of calcium liquefies under the 
action of the intense heat developed in the electric 
furnace, and, in cooling, solidifies into a compact mass 
of a slightly reddish brown gray, with a sharp crystal- 
line fracture. 

If this pure carburet of calcium be put in contact 
with water, the latter will be immediately decomposed, 
the hydrogen of the water will fourm pure acetylene 
with the carbon of the carburet, and the oxygen of the 
water, in going over to the carburet of calcium, will 
recompose the primitive lime, which will become hy- 
drated in contact with the excess of water. 

It is easy to understand the illuminating power of 
acetylene. The brilliancy of a flame depends upon 
the quantity of solid matter that it contains. The 
reason that a candle and illuminating gas burn with 


as quicklime, magnesium or platinum be introduced 
into it. The Auer burner owes its remarkable luster 
| to the introduction of a cylinder covered with zircon, 
thorine and other infusible oxides, raised to incandes. 
cence, into the but slightly illuminating but very hot 
flame of the burner. Now, of all the carburets of hy- 
drogen, acetylene is the richest in carbon, Its chemi- 
eal formula is C*H*, while that of methane, which :s 
predominaut in illuminating gas obtained by the dis- 
|tillation of cval, is CH*. One volume of acetylene 
| therefore contains twice more carbon and twice less 
hydrogen than an equal volume of methane, and, it 
may be said, than an equal volume of illuminating 
|gas. Consequently as the flame of acetylene contains 
a large number of particles of incandescent carbon, it 
has an intense illuminating power. 

Mr. Bullier, preparator to Mr. Moissan, appreciating 
the industrial value of the discovery made by his chief, 
has installed in Buffon Street a small laboratory where 
he is producing acetylene by means of carburet of cal- 
cium manufactured in an establishment of the Est 
and collected in gasometers. 

If we endeavor to burn acetylene at the ordinary 
pressure, the flame produced will be fuliginous, owing 
to the fact that, since the gas is very rich in carbon, a 
portion of the latter escapes during combustion, In 
order to increase the surface of contact with the oxy- 
gen of the surrounding air, Mr. Bullier dilutes the 
acetylene with an inert gas (nitrogen, for example). 
The gas that reaches the burners is a mixture of 8&5 
per cent. acetylene and 15 per cent. nitrogen. Such 
dilution presents a second advantage, that of prevent- 
ing the re-entrance of air into the gasometer or con- 
duits, and consequently prevents the production of 
the detonating mixtures that the air forms with acety- 
lene, as it does, moreover, with ordinary illuminating 
gas. The net cost of the nitrogen is insignificant. 

The apparatus for producing acetylene is installed in 
a corner of the laboratory. We give a gereral view 
and a section of the generator. The apparatus con- 
sists of a cylindrical reservoir two-thirds full of water 
and capable of withstanding a pressure of from 10 to 
12 atmospheres. In the upper part there slides by 
friction a rod that supports a perforated basket cap- 
able of holding 11 pounds of carburet of calciun.. 
Upon lowering the rod, the carburet comes into con- 
tact with the water, and acetylene is disengaged and 
develops sufficient pressure to force it directly into the 
gasometer. The pressure is indicated by a manometer. 

If it becomes too strong, the rod that carries the 
basket is raised, and the disengagement of the gas 
ceases as soon as the carburet is no longer in contact 
with the water. The apparatus is completed by a 
worm in which the acetylene is cooled, and by two 
driers containing mineral wool for absorbing the water 
earried along by the gas. When the carburet is ex- 
hausted, the lime that has deposited in the basket is 
removed, as is also that which has fallen to the bottom 
of the reservoir ; and the supply is renewed. P 

Every one will be able to have an apparatus analo- 
gous to this in his own house. As one pound of car- 
buret of caleium gives about four and one-half cubic 
feet of acetylene, each charge of the basket will pro- 
duce 49 cubic feet of illuminating gas. Now, accurate 
photometric measurements establish the fact that 
427 cubic inches of acetylene suffice to give one carcel 
hour, that is to say, to produce the light of a type 
earcel lamp or of a butterfly gas burner, for one hour. 
It requires 4 cubic feet of coal gas to obtain one carcel 
hour. Acetylene is therefore fifteen times more lumin- 
ous than ordinary gas. A single charge of the acety- 
lene generating apparatus will furnish more than 214 
earcels-hour, or in other words, a light of 21 carcels for 
| 10 hours. 
| Acetylene appears to afford a practical solution of 
‘domestic lighting. Small portable acetylene lamps 
will soon be offered to the public. We have had 
| one of these placed at our disposal and have been 
| able to assure ourselves that it operates very well. This 
lamp, of which a section is shown in one of our figures, 
consists essentially of two communicating tubes, the 
narrower one of which is connected with a reservoir con- 
taining water, and the wider one incloses a perforated 
eylinder containing the carburet of calcium. If the 
cock of the small tube be opened, the water of the re- 
servoir will descend, and a virtue of the principle of 
communicating vessels will enter the large tube 
through the bottom in lifting a small rubber ball. As 
soon asthe water coms into contact with the car- 
buret, acetylene is disengaged, the pressure forces back 
the water, and the little rubber ball forms a valve. 
When, the burner being opened and lighted, the gas 
is burning, the a diminishes, the water ascends 
in the large tube, and a new disengagement of gus 
takes place in consequence of the contact of the water 
with the carburet. The lime deposits in the cylinder 
or falls into the foot of thelamp. In this small sized 
lamp there may be placed 4 ounces of carburet, sufli- 
cient to produce about one cubie foot of acetylene, 
and givea light of one carcel for four hours. The 
spent carburet is easily replaced. 

The railway companies (the Paris-Lyons-Mediter- 
ranean line, the first)have acetylene under trial for 
the lighting of theircars. During the last presidential 
trip, two cars of the special train were thus lighted. 
The acetylene was stored in reservoirs placed under 
the frame of the cars. These reservoirs contained 125 
eubic feet under a pressure of 15 pounds. The burner: 
employed were of feeble discharge and gave an illumin- 
ating power of one carcel and a half with a consump- 
tion of but 670 cubic inches an hour. The light ob- 
tained was truly dazzling, and of absolute whiteness 
and steadiness. How different from that wan and 
flickering light that our travelers, even of the first 
classs, are to-day condemned to suffer ! 

Acetylene is therefore the light of the future, and of 
a very near future. The net cost of the gas depends 
upon that of the carburet of calcium. Such cost is 
still high—say $90 a ton. This, at the rate of about 
416 cubic feet of gas tothe pound of carburet, puts the 
price of a cubic foot of acetylene at about a cet. As 
a cubic foot of coal gas, although costing five times less, 
gives fifteen times less light, it follows that it is now 

ssible for the same price to obtain three times better 
ight with acetylene than with coal gas. We must an- 
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ticipate a rapid dimunition in the price of carburet of 
calcium when the wanufacture of this substance comes 
to be effected industrially and in large quantities,— 
L’ Lllustration, 


TESTS OF THE BALTIMORE ELECTRIC 
LOCOMOTIVE. 


SoME interesting tests have been made with the 
electric locomotive used for hauling trains through the 
belt line tunnel of Baltimore. By its means a reduc- 
tion of 16 minutes in the running time of the * Blue 
Line” trains between New York and Washington is 
now made possible, and it is probable that this saving 
will be increased later on. Moreover, all delays in win- 
ter, due to ice in the river, are done away with. 

Probably the most striking test of the power of the 
locomotive was when two trains were coupled together 
and bauled througin the tunnel. For some reason, 
suys the Electric Railway Gazette, to which we are in- 
debted for these particulars, the freight trains had be- 
come “bunched” on the Washington division, and 
when they did get through they came so fast that it 
was decided to have the electric locomotive haul them 
twoatatime. The first composite train, therefore, 
consisted of 44 cars, loaded with coal and lumber, two 
regular steam freight engines and a steam “‘ pusher” 
engine. The whole weight was approximately 1,960 
tons, and was equivalent to about 52 loaded cars. The 
steam locomotives did no work to assist the electric 
locomotive. The start was made easily and gradually, 
but when the train was in the tunnel and entirely on 
the grade the steady, heavy pull was too severe ona 
defective coupling near the head of the train, and it 

parted, After coupling together again, the electric 
locomative started the heavy train, with all drawbars 
stretehed—no slack in the train—and accelerated it to 
a speed of 12 miles an hour without slipping a wheel, 
and in every way with the greatest ease. It reminded 
one of the start of an ocean steamship, so noiseless was 
it and free from any manifestations other than those of 
mighty power. The current recorded on the ainameter 
was about 2,200 amperes during the acceleration pe- 
riod, and after the train was up to speed it settled 
down to about 1,800 amperes. The voltage on the line 
was 625, By reading the amperes the drawbar pull 
was readily computed and found to be about 63,000 
pounds. All four motors were in series, and the 
—— pull for that current was therefore ob- 
tained, 

To determine the drawbar pull exerted for each am- 
pere of current, the Pennsylvania Railway Company’s 
dynamometer car was secured and coupled in between 
the electric locomotive and atrain of known weight. 
The weight of each car in pounds had been accurately 
determined beforehand. he regular two mile haul 
up grade wasthen made. When the train was in the 
tunnel on the grade the pull was uniform, as was 
shown in the diagrams taken on the dynamometer 


car, 

The first test showed (a) how the start was wade on 
the down grade leading to the tunnel; (b) how after 
the train was fully started the drawbar pull dropped 
off; then (ce) how it gradually increased as the train 
came on to the 0°8 per cent. grade in the tunnel; and 
(d) after the train was wholly on the grade, how even 
the pull was, until near the stop, when the grade in- 
creases 1°2 per cent. It was found that 144 amperes 
were required to drive the locomotive. The diagram 
shows the current and drawbar pull at any moment 
while accelerating the train. 

For the operation of the Baltimore & Ohio tunnel 
power house for the month of Oetober, 1895, the item- 
ized expenses were as follows: 


Coal ($1.35 per ton) ... .. 


400 96 


ee 


25 42 


OD 
The expense on electrical locomotives was : 


Total.... 


Motor engineers...... $200 00 
amd coe 12 16 


There were hauled through the tunnel 353 trains. 


Average weight of train........ 1,095 tons 
eurrent..... 986 amperes 


Distance of trip..... 4 miles 
Total engine travel.... ....... 1,412 miles 
Total engine travel ‘“‘idle”...... 3,756 miles 
Actual time consumed for above 

Idle time for month ... ........ 626 hours 


It is customary to consider an engine with steam up 
as equivalent to six engine miles for each hour it is idle, 
so that, for comparison, the actual mileage made by 
the engines must be increase:] 6 x 626 = 3,756 miles. 

The large charge of labor at power house will be the 
same for one, two and three locomotives in service, 
The items, coal, water, and maintenance, and the ex- 
pa on locomotives, increase with the number of 

ocomotives in service. If this increase is assumed to 
be proportional, the total expense and cost per engine 
tile are as follows 


Cost per 
Tota] cost. Engine miles.jengine mile, 


For one locomotive .. ......... $2,186.16 5,168 $0.423 
two locomotives............ 2,875.36 10,336 
three 0680 3,564.56 15,504 0. 


The steam railway reeords referred to above are for 
1895, and may be briefly abstracted as fol- 
OWS: 


STEAM LOCOMOTIVE PERFORMANCE, 


East} West Central N. & W.|Entire 

Div ai) Div. | Div. |Line. 
Locomotives in service. ..........+++ 74 33 28 1” 
Average engine mileage in service....| 2,834) 2,966) 2,208) 2,305 | 2,708 
Average cost per engine mile : | 
Passenger engines . 10.1926/0.1666 0.1629, 0.1552 | 0.1765 
Freight “ 0.3428! 0.2308 | 0.2615 
Switching “ 0.1828) 0.1425 | 0.1577 
Work ay 2258) 0.2617) 0.2160 | 0.2354 
Total rx | 0.2121) 0.1797 | 0.2005 


From the figures above it is seen that the actual 

operating expenses of the electric locomotives for that 
particular month are about the same as for the freight 

ocomotives on the steam railway, i, e., 23 cents per 
engine mile. The service of the electric locomo- 
tives at that time was oniy about one-third that which 
it is expected they will have to do when the passenger 
service is taken up and the line extended the full dis- 
tance. 

As originally intended, a method of using to advan- 
tage the power of the station while the electrical loco- 
motives are idle is soon to be incorporated in the plant. 
Under the new conditions the cost per engine mile for 
the electric locomotives will be far under that of 
steam. 

A comparison of the efficiency of steam and electric 
locomotives shows slightly in favor of the electric. Ob- 
servations made on French railways and on the Penn- 
sylvania Railway show that about 45 per cent. to 55 
per cent. only of the indicated horse power of steam 
locomotives is applied to hauling trains, The efficiency 
of the Baltimore & Ohio plant is in the of 60 
per cent. to 65 per cent. under normal conditions. 

The conductor in the tunnel has now been in posi- 
tion for nine months. During all of this time coke 
burning locomotives have been used for passenger 


PRESENT AND PROSPECTIVE DEVELOP- 
MENT OF ELECTRIC TRAMWAYS.* 


IT seems hardly necessary to review the past devel- 
opment of electric tramways; it has been made appa- 
rent on every side of us, commencing, it may be said, 
with the introduction of electric motors on a large 
scale on the roads of Richmond, Va., about seven 
years ago, by the old Sprague Company. This road 
developed the system in its main features as it stands 
to-day, two motors being mounted, independent of the 
ear body, on the truck, and driving to the axle by 
gear. With the improvements and modifications 
which seven years have brought into the field, this 
system stands in the main what Mr. Sprague made it 
at that time. 

The first motors installed on this road were seven 
and a half horse power each. Later on these were 
changed to ten horse power, and a year or two later 
fifteen horse power motors became the standard, 
Then twenty, and now two twenty-five horse power 
motors are the standard street railway equipment 
which is generally made. 

Street railway wanagers were soon attracted by the 
results there shown, and the next large system to fol- 
low Richmond was Mr. Whitney’s then new consoli- 
dated system in Boston, the West End Railroad. 
There the Thomson-Houston Company practically had 
the field for enterprise and experiment, and carried on 
still further the development which had been started 
at Richmond, working out still larger problems than 
had there been undertaken, The result is to-day that, 
outside of.a few cable roads, there is not a street rail- 
way system of any size in the country where electric 
traction has not been or is not being now introduced 
on an extended scale, requiring enormous additional 
outlay of capital in this installation. 

The advantage of electric traction was that it was 
equally available to the little cross country horse line 


or the largest system in our large cities, and under the 
heaviest conditions of traffic and service. One of the 
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CURVES SHOWING RELATION BETWEEN CURRENT 
CONSUMPTION AND WORK. 


service, with the consequent presence of a good deal of 
gas and vapor. For the first six months about half of 
the conductor was constantly wet from the drip due to 
leaks in the masonry. This occasioned a muddy, 


slimy deposit over the insulators and a considerable | 


portica of the conductor. The porcelain insulators are 
almost entirely obscured in some places by this de- 
posit and that of small particles of carbon given off by 
the locomotives. 

Current was first turned on the line about three 
months after the tunnel structure was erected, The 
leak at first was about 21 amperes, but ina day or two 
this dropped to about four amperes—the present leak- 
age. The inside of the conductor was coated with a 
combined deposit of rust and muddy sediment. Heavy 
currents were taken from it by the contact shoe only 
with difficulty, and the presence of much arcing, heat- 
ing and showers of sparks. It was found imprac- 
ticable to run on this surface. By applications of 
kerosene and frequent scraping with special shoes, a 
direct contact of the trolley shoe with the conductor 
was made possible. Although a single contact shoe 
then worked with little or no sparking, two shoes in 
tandem were adopted. Their operation through the 
conductor is smoother, and the contact over muddy 
portions of it is more nearly positive. At intervals of 
about three weeks the conductor is treated with kero- 
sene, and brushing shoes are run through it, about 
one or two trips with these brushing shoes being all 
that is necessary. This serves to prevent further ac- 
cumulation of rust, and to remove the sediment from 
the contact surfaces, An inspection shows a smooth 
surface over which the shoes run, Contact with the 
metal is seen to be in high spots and thin lines, which 
are slowly increasing in extent. No considerable 
sparking now occurs, except at the wet places, where 
it is oceasioned by the presence of water and sedi- 
ment. With the exception of three places, about 200 


a long each, the conductor is at present entirely 


first results of its introduction was the satisfying of 
the demand for more rapid transit, and the large in- 
crease in gross and net earnings, and the reduction of 
operating expenses, especially on the ‘question of 
power. One of the early fields to be developed was 
lthe interurban service between cities, for connecting 
small towns with large cities. One of the first and 
most marked examples of this kind was the interurban 
service between Minneapolis and St. Paul. After its 
establishment it compelled six different steam roads 
to practically abandon the service they bad been 
| maintaining between these cities. 

The amount of capital and the confidence with 
which capitalists and investors have taken hold of the 
electric tramway has been something marvelous, when 
we consider the short time it bas been in service, 
and though you might find a few failures owing to 
poor management, over-capitalization, or some other 
sufficient cause, in general we find an uninterrupted 
‘line of successful extensions and enterprises in this 
|line. I will try to make a brief general review of the 
| different parts of the electric tramway system, and 


| show the development which has been made in each. 


Roadbed.—There is probably vo part of a street 
railway system which was more antiquated in its gene 
ral construction than the majority of the roadbeds 
were found in this country when cable and electric 
traction were first introduced, and it took some severe 
lessons in many cases to bring about appreciation of 
the necessity of good roadbed construction. The old 
horse road construction was in somewhat the condi. 
tion of the old steam road construction fifty years 
ago, being a stringer construction, with ties four to 
five feet on centers in the majority of cases, and a flat 
rail, either center or side bearing, and weighing from 
thirty to sixty pounds to the yard, spiked to the top 
of the stringers. The result naturally reached with the 


*D ofa r by C. J. Field at the meeting of the American Society 
of Mothanical 
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introduction of electric traction on such a track, with 
its heavy service and severe wear and tear owing to 
seif-propulsion, was a failure of the roadbed entirely. 
On paved streets the ties had to be placed sufficiently 
low to enable the use of paving blocks over them, 
Therefore, with tne commencement of the iotroduc- 
tion of girder and T rails, which when first intro- 
duced were three to four inches, and in some cases five 
inches, in depth, it required the placing of these rails 
on a cast or wrought iron chair or stringer in order to 
get the depth over ties for paving. This method 
proved very little better than the old flat rail, under 
the added requirements of the service, and especially 
at the joints; and contracting engineers and officials 
of street railway companies very rapidly reached the 
appreciation of the necessity of using the heaviest 
possible rails obtainable, and the rail mills were 
pressed to undertake the rolling of heavier and deeper 
girder and T rail, and after overcoming all difficulties 
they have reached at present a state of development 
whieh gives us, we believe, a roadbed construction 
equal to that of any steam road in the country ; and 
the standard to-day for electric tramway roadbed is 
seventy to eighty pound T rail, or seventy to ninety- 
eight pound girder rail, the depth of these rails run- 
ning from seven to nine inches, 

Ninety pound rail, being nine to ten inches in 
depth, enables them to be spiked direct to the ties and 
give the necessary depth for paving. This heavy rail, 
with eight to twelve bolt joint plates, supplies every 
requirement. The girder rail is being generally used 
in paved streets and T rail on suburban roads, and, 
for the last year or two, to a considerable extent on 
macadamized roads, and even in a few cases on paved 
streets. By the introduction of special details of con- 
struction, and especially on macadamized and asphalt- 
ed streets, the T rail seems to offer as good a roadbed, 
both for the railroad and the public, as the side-bear- 
ing girder rail. Ties used should be standard rail- 
road ties. 

The special work on track work, such as crossovers, 
turnouts, curves, etc., has also met with large improve- 
ment. We have as astandard for this special work 
the steel rails bent to the form required, and surround- 
ed by a mass of cast metal to hold them together, and 
one company is turning out this special work with the 
parts welded together; also in cast steel. Ouae com- 

any is introducing track work in which, instead of 
=~ A up the rails with channel and joint plates bolt- 
ed together, the rail is being welded electrically into a 
continuous rail. 

Track Bonding and Electrolysis.—We are hearing a 
great deal to-day about electrolysis and electrolytic 
action of the current on the return side of the tram- 
way circuit. In the early introduction of electric tram- 
ways, and with the light section of rails, the usual 
method was to bond up the rails and connect them 
with the retarn copper or iron wire of varying sizes 
which was laid between the rails. At first the size was 
Nos. 4 and 6 wire, and later on 0 and 00 was used. 
With the introduction of a seventy and ninety pound 
section of rail we have met the question of sufficient 
capacity in the conductivity of the rail. The present 
requirements are to bond the rail in such a manner as 
to insure a continuous connection of all the tracks, 
and thus provide means for the return connection to 
the power station, and we believe it may be said that 
the best standard of construction to-day is to double 
bond all the joints of the rail with the shortest possible 
bond which is practicable, and cross bond each rail 
every few lengths and also cross bond to the other 
track. This insures a uniformity of potential in the 
rails, Then, by connecting this track by overhead 
feeders run in the same manner as the feeders to the 
trolley, connected every half mile or so to the track, 
we believe we have a practical solution of the difficul- 
ties which have been encountered in the proper return 
of the current, and a prevention of the troable which 
has been encountered where this return was not suf- 
ficiently provided for, and the current, taking to the 
water and gas mains, has caused the trouble and damwn- 
age resulting from the same. 

Line Construction.—When we run across some of the 
old cases of line construction, as at Richmond and 
other places, and then compare them with the present 
form of construction which is now being introduced, it 
gives us a better illustration than words can describe 
of the improvement which has been made in overeom- 
ing the objections which existed in the earlier work. 
Then we had for insulation old pieces of glass and por- 
eelain and little blocks of wood, the whole making a 
poor mechanical and electrical job, and giving consid- 
erable trouble. 

The standard of trolley wire then was No. 4. Now 
the standard is a No. 0 or 00 wire. Then the poles 
used were plain little telegraph poles, about six inches 
at the top and eight inches at the butt, which quickly 
gave way under the strain of service. Now we havea 
well built line, substantial in every respect. The 
poles used are either a heavy octagonal sawed pole or 
various types of iron poles. Local city authorities, 
though, have compelled the use of iron poles in most 
eases, and various types of pipe and trussed sectional 
iron poles have been introduced. The difficulty with 
the iron pole construction is to get good insulation be- 
tween the trolley wire and the ground. 

Feeder Wire.—Feeder wires have been more and 
more liberally introduced and used, and at present, 
on the best construction, the system is laid out and 
figured to maintain a distribution of potential over the 
entire system with a drop of not exceeding 5 to 8 per 
cent. under the most severe conditions or heavy stress 
of weather. Feeder wires in general have been run 
overhead, but we believe it is an assurance of better 
service on large roads to run the main feeder trunk 
lines in underground conduits, and we have done this 
in several cities with successful results. 

Underground Conduits.—Underground conduits, or 
the placing of the trolley wire with all its feed- 
ers under the surface of the street, is the ultimate 
and desirable result to be obtained in our large 
city lines of electric traction, and cities are going 
to demand in the near future this method of 
service where the local conditions and requirements 
will warrant it. Underground conduits were attempt- 
ed fouror five years ago, but on account of insufficient 
experience, lack of engineering ability, or amount 
of money expended on the work, as well as a de- 
sire on the part of the company installing them to 


make them a failure, they were not in general success- 
ful. The first really successful underground con- 
— to be installed and operated was in Buda- 


esth. 
The other type of conduit which may be used is one 
of the several which are operated on the closed conduit 
plan. It is a very attractive method in many ways, 
also saving on the cost of construction of a cable con- 
duit. There are numerous difficulties in regard to the 
electrical details which will tave to be overcome be- 
fore such a form of duct ean be a success. The over- 
bead line construction, though, will continue to be 
used in the majority of cases for many years to come 
we believe, as the most practicable and best meth 
for conveying the current to the motors. The cost of 
a well built trolley conduit in the form of a cable duct 
will, in most cases, exceed that of a cable duct 
on — track, but less on curves and special 
work. 

Cars.—We believe the best standard of car for heavy 
city traffic. and one which will give the least wear and 
tear on the roadbed, and also will enable the use of 
higher speed on suburban lines, is a car body from 
twenty to twenty-four feet in length—twenty-one or 
twenty-two feet being the most desirable standard— 
and mounted on double trucks, with maximum trac- 
tion on the driving wheels. Such acar body, with wide 
platforms—four to fourand a half feet—with entrances 
on one side, with wide double doors, fills best, we be- 
lieve, the general requirements of such aservice. There 
is a strong objection to the use of nineteen or twenty 
foot car bodies on a single truck, with a six and a half 
to seven foot wheel base, as has been done in a num- 
ber of cases. There can be only one result from such 
an equipment, and that is a rapid destruction of the 
ear body and alsothe track. This pounding or destruc- 
tion of the track on these single trucks has to a con- 
siderable extent been due to the weight of the cast 
iron motors and their rigid mounting on the car axle. 
This difficulty has been greatly lessened by the intro- 
duction of steel motors of about half the weight, and 
the supporting of them by springs. 

Motor Equipments.—The improvement in motors 
during the past seven vears, since their first introduc- 
tion, has been marvelous, The old seven and ahalf or 
ten horse power motor was a thing of pity, poor in its 
design both mechanically and ny and a con- 
tinual worry and trouble to keep it in operation and 
service, the fields and armatures burning out every 
day, and the repair account on them running from 
three to six cents per car mile operated. Now if we 
turn to the present type of ironclad slotted armatures 
and waterproof motors, with normal horse capacity, 
in the general type of motors of twenty-five horse 
power, making equipment per car fifty horse power, 
and built for any speed which is practicable on 
the service for which they are to be used, with a de- 
preciation, wear, and tear less than almost any other 
type of power machinery, we have, it seems, attained 
a commercial stage and development in this motor 
which it will be hard to excel. hese motors are now 
equal to almost anything to which they may be put. 
Their capacity, economy, and power are brought to a 
high stage of development, and their economical con- 
trolling and handling is managed by a controller stand 
which gives various combinations and arrangements 
of the motor fields and armature, which gives us com- 
plete control over the current under different condi- 
tions of service, and gives us an economy in current 
consumption which is away beyond the expectations of 
a few years ago. 

Power House.—From the mechanical engineer's 
standpoint, probably the most interesting part of the 
equipment of the electric tramway isthe power house, 
and therefore we will try to give you a more careful 
and detailed description of its present development 
and arrangement. The one central idea of electrical 
engineers, in the early electric light and power station 
work, was to have them located twthe center of the 
system, regardless of all other local conditions and 
requirements. Experience has shown us, in the 
broad treatment from an electrical and mechanical en- 
gineer’s standpoint, that we want to take into careful 
consideration not only the electrical requirements as 
to the distribution of power, but also the possibilities 
of economical generation of that power from a steam 
engineering standpoint; therefore we give careful con- 
sideration at present to this matter. he general re- 
quirements are that a power station of any size or 
capacity should be so located as to generate, under 
the most economical conditions, the power which is to 
be used in the utilization of electricity, and the loca- 
tion to be such that the obtaining and handling of 
coal and water shall be at the lowest obtainable net 
cost. The capacity of the station should take into con- 
sideration the present requirements and immediate 
future expectations as far as can be foreseen, and as far 
as the resources of the company will permit on a com- 
mercial scale, and without depending too much on 
future prosperity. 

The general basis of calculation of the horse power 
required for a tramway system must take into consid- 
eration the local conditions of service, grades, curves, 
ete., but, in general, fifteen to twenty-five horse power 

rear equipment in use on the road is the general 
imit of a wall designed station, which will take into 
consideration the conditions for the continuous service 
and operation of the plant. A road of one hundred 
ears would, therefore, require about two thousand 
horse power, which horse power should be divided 
into say four units of five hundred horse power each. 
The number of units in any station should be the 
fewest number which will give a safe and economical 
division of the units, and in a station of this kind four 
or five units, according to the service and conditions, 
should be the standard. In the past we have had to be 

uided largely by the capacity and size of generators 
t was possible to obtain, but this question is now 
eliminated, and any capacity of generator which the 
engineer may call for and feel necessary to meet the 
needs of his case can be contracted for and built with 
asurety of success. Generstors are now being built 
in this‘country up to five thousand horse power each. 
At present the tendency is large generators directly 
connected to the engine, whether automatic or Corliss, 
high, slow, or intermediate speed, such connection be- 
ing made either by direct belting or directly mounting 
the generator on the engine shaft. The type of engine 


to be used on this service we have found must be 


equal in its requirements to that of rolling mill ser. 
vice, capable of standing the heaviest strains in the 
variation of the load, and also to give desirable close. 
ness in regulation under these heavy changes, in 
order that our generators may be balanced with one 
another, 

In boilers we have a wide range in style, size, and 
capacity. The plain old horizontal return tubular, 
sixteen or seventeen feet long, with three and a half 
or four inch tubes, is still filling general requirements 
in a large number of cases in a satisfactory manner, 
where real estate has not to be purchased at an excessive 
cost, and where the steam pressure does not exceed one 
huudred and twenty-five pounds, Such a boiler, made 
with good material, with a butt strap joint, gives us 
good service. Where the conditions are such that we 
require water tube or sectional boilers, we have a larze 
variety to select from, many of them meeting our re- 
ee and giving service; but a number of 
them we find are giving a good deal of trouble and 
bother in their care and maintenance, and also in not 
giving good dry steam. 

Operating Expenses and Cost of Equipment.—The 
old horse car road in large cities operated at a total cost 
of from eighteen to twenty-five cents per car mile. One 
ear mile is taken as the standard for operating ex- 
penses in our tramway service. The beaviest item in 
this operating expense was the question of power; that 
is,the care and mainterance of the horses, their feedin, 
and the depreciation of the same. The average life of 
a horse on a well operated tramway road is five to six 
years, and the number of horses required per car froin 
eight to eleven, according to conditions and require- 
ments. The cost of this power service was from eight 
to eleven cents per car mile. Thisis where the electric 
road has made its heaviest gains in the reduction of 
operating expenses. This item is reduced in wer 
service to-day to a cost, under general conditions, 
ranging from one toone and one-half cents per car 
wile. Is not thisa marvelous gain in a few years, 
and does it not indicate and show the possibilities of 
the introductlon of this power on this service? The 
relative proportion of operating expenses to earnings 
in the horse railway service was from seventy to eighty 
per cent. operating expenses to gross earnings. In elec- 
tric service we have a considerable increase in our gross 
earnings over our old borse line, which increase runs 
from twenty-five to fifty and even one hundred per 
per cent. in some cases, and the operating expenses 
being forty to sixty per cent. of the gross earnings. In 
this operating expense we include all the operating ex- 
penses of the road other than the fixed charges. 

The cost of building and ee nom | an electrie road 
is considerable. The standard price four years ago for 
two fifteen horse power motors and the installation 
of them was $3,000 to $3,500. The price to-day for 
two twenty-five borse power motors, which are much 
superior to the former ones, is under $1,000. This 
gives us a total cost of a motor car, including car body, 
truck, motors, etc., of approximately $2,200. A singie 
mile of roadbed construction, with ninety-pound girder 
rail, exclusive of any new pavement, but including 
taking up of the old track and replacing of old paye- 
ment, about $7,500 per mile of single track. This 
makes no allowance for special work. Overhead line 
construction for one mile of double track, with iron 
poles, feeders, etc., $4,000 to $5,000 per mile; with 
wooden poles, about $3,000 or $4,000 per mile. Steam 
and electric plant for direct-connected vertical com- 
pound condensing plant—for, steam plant, $50 to $55 
per horse power, and the electrical, $20 to $25 per horse 
pews. making a total for steam and electric plant, $70 

o $80 per horse power. As a general summary, we 
have for the total cost of the equipment of the electric 
tram road—that is, the rebuilding of an old horse road 
—including power plant complete, buildings, car house, 
ears, equipment, track and overhead construction, 
$20,000 to $25,000 per mile of single track, according to 
the varying conditions and requirements of different 
cases, 

Conclusion.—Without going to extremes, I believe 
we may safely say that the electric tramways have 
more than met all the requirements, expectations and 
agreements of even the most enthusiastic advocate 
during their early introduction, and when we look 
around us to-day, and see the universal introduction 
which they have met with in thiscountry, and are now 
meeting with in all parts of the world, we can ina 
measure appreciate what has been done in this matter. 

As to the future and the future possibilities of the 
tramway, not only for city and suburban traffic, but 
also to enter into competition for a large share of the 
steam railway service, it will see the introduction of 
electricity for many purposes and uses in this field. 
The limit of s and power obtainable is only limited 
by the conditions and local requirements of this ser- 
vice. Theoretically, any speed is possible which is de- 
sirable to be obtained on any service, and the only 
limits are the resistance of the wind orair. As te the 
exact line which this development is going to take, it 
is hard to determine ; but we believe for a number of 

ears tocome it will bea continuance of the present 
ines, with improvements in the general detail of con- 
struction. 

Up tothe present time in this service, our develop- 
ment has been with direct or continuous current. 
There is no question but that, with the large impreve- 
ments and modifications which are being made in 
alternating current apparatus, we may expect its in- 
troduction on the tramway service, especially for long 
distance work. 

In all this work the mechanical engineer has played 
and will play an important part, and the combined 
mechanical and electrical engineer is going to be and 
has been largely identified with the development of 
this line of work. 


Work has been commenced on the electric road be- 
tween Baltimore and Washington. The grading of the 
bed on both ends of the line is now being carried 
out. It is proposed to run cars on this road at a high 
rate of speed and the tracks are to be built of the 
heaviest steel rails. The power plant for the road has 
been contracted for with the Westinghouse Electric 


Company, there being two power stations, one being 
located at about ten miles from the Baltimore termin:' 
and the other about ten miles from the Washingt 
terminal. The initial power equipment contracted 1. 


is equal to about 6,000 horse power. ~ 
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A SHORT CIPHER CODE FOR 
COMMERCIAL USES. 


By Dr. Epwarp 8. HoupeEn, Director of the Lick 
Observatory. 


Not long since I was called upon to arrange a cipher 
eode which should be convenient for telegraphing com- 
plex astronomical messages, as the elements and 
ephemerides'of comets, ete. Such a one is printed in 
the publications of the Astronomical Society of the 
Pacific, No. 49. A part of this code will be of use for 
commercial purposes also, particularly in transmitting 
dates (month and day) and numbers. 

One merit of the code is the shortness of its tables, 
which require only three octavo | as below. Care 
has been taken to choose the combinations of letters 


EXPLANATION OF 


Prete: Table I. Read the initial at the top of the column with a combination from the column ** Vowels ;* as Hok — 106, 
numbers are expressed by words of eight letters. Such words are made up of a prefix from Table I with an affix from Table I, 


IA 
10617 = Hokience ; 01065 = Bilitous 
000 + 40711, which is telegraphed as Wilnicht plus Wolahold, and so on. 
the minutes by Table II ; as 357° 20 = Tunegate ; 0° 1 = Bafalone 


Numbers larger than 50999 must be divided into two parts, A and B, and telegraphed as A + B 


which go to make up the — -words, so that few 
mistakes are likely to occur in transmitting the mes- 
sages by telephone. The eye is liable to make one 
kind of error and the ear a different kind. So far as 
practicable, both kinds have been avoided in these 
tables. code books, like Slater’s excellent Tele- 
graphic Dictionary, will always be required for some 
uses. The great majority of commercial telegrams can, 
however, be sent by the following code of three pages. 
All dates are to be sent as words of three letters taken 
from Table I, and interpreted by Table III; thus Hil 
= one handredth day of the year = April 10 (in com- 
mon years or April 9 in leap vears). Numbers must 
always be sent as compound words of eight letters, 
com of a prefix from Table I and of an affix from 
Table IL; thus, Hilofant = 10072, Rokalone = 28615, 


TABLES I, Il, IIL. 
Noy = 501. 


Thus, 80711 = 
When angles are in question, the degrees (only) are given by Table I, and 


IL. All dates are expressed as local dates invariably in words of three letters (prefixes) taken from Table I, and interpreted by Table III. Hzample; 


Hok (standing alone) = 1064 = April 16 (local date); 


‘ovember 29 = = Tan 


TABLE I (PREFIXES). 
The table gives numbers (with Table IT .; local dates (if used alone ; see Table IIT). 


N. B.—Write three figures to correspond with each prefix. Hxample; Fil = 070, not 70. 


Vowels. D F J L 
af 000 030 060 ogo 120 150 180 210 
ak oor ogi 121 151 181 211 
al oo2 032 062 122 152 182 212 
an 003 033 063 093 123 153 183 213 

ar 005 065 095 125 155 185 215 
at cob 036 096 126 156 186 216 
az 007 037 0°97 127 1 18 ar 
038 os og8 1 1 21 
039 069 o99 129 159 189 219 
al olo 040 100 130 160 190 220 
in ol O41 o71 10% 131 161 19! 221 


it O13 133, 163,193 223 
of OH °74 134 164 og 224 


ef ols 045 105 135 165 195 225 
ok o16 046 106 136 166 196 

e oly 047 °77 107 137 167 197 227 
on o18 ogs8 108 138 168 198 228 
op e190 Tog 139 169 199 229 
or 020 080 110 140 170 200 230 
ey o21 ost 081 141 171 201 231 
ez 022 os2 c82 112 142 172 202 232 
ud = ORB 053 083 113 143 173 203 233 
ug 025 oss 085 115 145 175 205 235 
ul 056 116 1 1 2 
un o2 057 087 117 14 177 207 237 
up oab os8 O88 118 1 178 208 238 
uz 029 os9 089 119 149 179 209 239 


R s T v Vowels. w Y z oN 
240 270 300 330 360 § af 390 420 450 = 480 
241 271 301 331 361 ak 391 421 4st 481 
242 272 302 332 362 al 392 422 452 482 
243 273 303 333 363 J an 393 423 453-483 
244274 304 334 364 ap 394 444 454 4 
245 275 305 335 365 ar = 395 425 455 

“ 276 = 3 om at 39% 426 456 ~ 
24 277 337 az (397 427 457 7 
248 0-278 308338 6B ga 458 
250 280 310 340 370 § il = 400 430 460 490 
251 281 341 371 in 6401 431 461 491 
252 282 ziz 342 372 ip 432 492 


255 285 315 345 375 Sf Fs 435 465 495 
2 316 346 376 ok 436 
257 287 317 347 377 407 437 47 
258 318 348 378 fon 468 498 
259 289 319 349 379 of 439 9 «499 
260 320 350 380 Ff or 410 4+ 470 500 
261 291 321 351 381 oy 411 41 471 501 


NUMBERS. TABLE II (AFFIXES). 


These are always used with prefixes from Table I. N. B.—Write two figures to correspond with each affix. Hrample; Adieu is 04. 


00 -nicht 20 -arine _ 40 ~estry | 60 ~iptik 80 -olute 
| | 
or -aband 21 -aship 41 -eting 61 -irekt 81 -omane 
on -abate 22 -aside | 42 -event 62 -irize 82 -omist 
o3 -about 23 -ation 43 -ibale 63 -iside 83 -omous 
4 -adieu 24 -ative 4 -ibode 64 -itark 84 -oniks 
os -adize 25 -atri 45 -ibrew 65 -itous 85 -opsis 
-adore -avi: -ident 66 -iture 86 -orate 
o7 -aflow 27 -eblow 47 -ience 67 -itude 87 -ordik 
o8 -afras -educe -ifold 68 -ivate 38 -ormus 
) -agile 29 -egate -ijest 69 -oblat 89 -orous 
10 -aglow 30 -eglet 50 -ilade 70 -00eaN 90 -o8tik 

-ahold 3 -egraf -ilant 7 -odate -ugale 
12 -akute 32 4 $2 -ilege 72 -ofant gz -ulate 
13 -alist 33 iekt 53 -imate 73 -often 93 -ulent 
-alive 4 -elo 54 -iment 4 -ogism 94 -ulous 
15 -alone 35 -embue 5s -imony 75 -ogive 95 -umate 
16 -ament 36 -endow 56 -inary 76 -ogoon Od -upate 
1 -am 3 -erade 57 -iness 77 -olist -urant 
-erkin 58 -inize 7 -olize q % -urile 
19 -arose 39 -eroon 59 -inede 79 -olode 9 -usipe 


Precepts; To express numbers, use Tables I and II ; as Manifold = 21348. 


DATES. TABLE IIl. 


To express angles, Manifold = 213° 48’. 


DAY OF THE YEAR CORRESPONDING TO EACH MONTH AND DAY (COMMON YEARS). 


ay of 
cay Jan. | Feb. | Mar.| Apr. | May. | June. Day of July. | Aug. | Sept.| Oct. | Nov. | Dec. pve 
1 t 32 60 | 91 121 152 1 182 213 244 274 305 |} 335 1 
2 2 33 | 6t | 92 122 153 a 183 214 245 275 | 306 | 336 2 
3 3 34 62 93 123 154 3 184 215 24 276 3°7 35 3 
4 4] 35 | 6& | 9 | 124 | 15 4 185 | 216 | 247 | 277 | 308 4 
5 5 | 36 | 6+ | 95 | 125 | 35 5 186_|_217_{ 248 } 278 | 309 | 339 5 
6 6 | 37 | 6 | 969 | 126 157 6 187 | 218 | 249 | 279 | 310 | 340 6 
7 3 66 97 127 158 7 188 219 250 280 gur HMI 7 
8 i 39 be 8 1 159 8 189 220 251 281 312 2 8 
9 9 40 99. | 129 160 9 190 22 252 282 313 3 9 
10 ro | 4t | 69 | 100 | 130 | 161 10 191 222 | 253 | 283 | 314 | 344 10 
11 11 2 yo | ror 131 162 11 192 223 2 284 315 345 11 Precept: In leap-years, 
12 12 po 71 | 102 aoe 163 12 193 ae 285 316 346 12 add one day after Febru- 
13 13 | 44 | 72 | 103 | 133 | 164 13 | 194 | 225 | 256 | 286 | 317 | 347 13 ary 28. This table is to 
14 4 73 1 134 1 14 1 225 25 287 318 348 14 be used in connection with 
15 15 Pr 74 | 105 135 1 15 t 227 28 288 319 349 15 Table | to obtain the local 
16 16 | 47 | 75 | 106 136 167 16 197 | 228 | 259 | 289 | 320 | 350 16 - - oe 
17 1 48 107 137 168 17 198 229 290 321 3st 17 dase = ‘Mp. = 
18 1 49 108 1 169 18 199 230 261 291 322 352 18 == “ 
19 19 50 78 | 109 139 170 19 200 231 262 292 323 353 19 
20 20 st 79 | 110 140 171 20 201 232 263 293 324 354 20 
21 21 $2 Bo | 131 141 172 21 202 233 264 294 325 355 21 
22 22 53 81 112 142 173 22 203 234 265, 295 326 356 22 
23 3 54 82 | 113 143 174 23 204 235 266 296 327 357 23 
24 24 55 83 | 114 144 175 24 205 236 267 297 328 358 24 
25 25 56 115 148 176 25 206 237 268 298 329 359 25 
26 26 57 85 | 116 146 177 26 207° | +238 269 299 330 360 26 
27 2 58 86 [117 147 178 27 208 239 270 300 331 361 27 
28 2 59 87 | 118 148 179 28 209 240 271 301 332 362 28 
29 29 ee 88 | 119 149 180 29 210 241 272 302 333 363 29 
30 oe 8g | 120 150 181 30 242 273 303 36 364 30 
1 3 151 31 212 243 34 eee 365 31 


Faninary = 06356, ete. It will prevent mistakes to 
write five figures to correspond to every number word, 
as 00172 for 172 (Bakofano), 01724 for 1724 (Bolative), 
00006 for 6 (Bafadore), ete. Words of three letters 
must be reserved for dates ; and the five letter words 
of Table I] should be used only as affixes. 

The telegram should be written out in plain English 
and its dates and numbers should then be turned into 
cipher, thus: ‘‘Send 4,000 cases on June 16, and draw 
on us for $11,724 July 3” might be written ‘Send 
Dilnicht cases Kol. Draw on us Hunative Lap.” 

In messages with many figures the saving in expense 
would be considerable over cable lines ; and propor- 
tionally more over the Western Union lines. 

If it is desired to make the messages absolutely 
secret, this can readily be done. 

The sender writes his message in figures, adds seme 
arbitrary number, as 1,171 forinstance, toeach number, 
translates the message so transformed into cipher and 
sends it. The receiver translates the cipher words into 
numbers and subtracts 1,171 from each number, Other 
simple devices of the sort are too well known to need 
description. 

I think that the code in question will be convenient 
in many commercial transactions, on account of its ex- 
treme simplicity and shortness. 

Its words are pure jargon, of course. But this jargon 
has been so chosen as to be easily pronounced, and its 
combinations are so arranged as to make the chance 
of error a minimum. 


THE RATIONAL USE OF COCAINE IN 
SURGERY. 
CLAUDE A. DunporRE, M.D., Philadelphia, Pa., in 
Codex Medicus. 


| ‘THE opinion of the profession, as to the employment 
| of cocaine in surgical practice, has undergone a great 
change during the past three or four years, and this 
reaction is not surprising when we consider the many 
dire results which have followed the indiscriminate 
use of the drug. 

After its local anesthetic action was discovered, the 
advantages which it kas over general anesthetics in 
many surgical procedures were plainly evident, and 
| its utility was fully appreciated; as a result, it was used 


| without regard to quantity or the physical condition 


| of the patient, and as if it were as harmless and devoid 
|of systemic effects as pure water. In the course of a 
short time we began to read accounts of dangerous 
| symptoms, and even deaths following its use; these re- 
| ports increasing in frequency until it was almost im- 
| possible to peruse a journal without finding the head 
line, ** Dangerous Effects of Cocaine.” 

The views of the profession now began to change, 
and papers were published claiming that the systemic 
|effect of cocaine was irregular, and that it could 
not be depended upon, and being therefore unrelia- 
(ble and dangerous, it should be used only with the 
greatest caution, if at all. 

During the past few years its eraployment has gradu- 
ally decreased until, to-day, many surgeons have such 
a profound dread of it that they refuse to use it in any 
ease whatever. 

Cocaine in surgery is a great boon; its great advan- 
tages over the general anesthetics, which it can so 
often displace, cannot be over-estimated; it has its 
dangers naturally, as have many other active agents 
which we daily employ, and would not do without, on 
that account. 

We would not refuse to administer ether when neces- 
sary, although its use is fraught with danger and de- 
mands unceasing vigil from the most experienced per- 
sons. We do not underrate its ill effects and, therefore, 
use it indiscriminately and carelessly; caution, judg- 
ment, experience, govern its administration. Previous 
to etherization, the patient’s history is elicited, his phys- 
ical condition is taken into consideration, and every 
precaution is observed to insure him against acci- 
dent. 

The day has come when we should use cocaine with 
the same care and watchfulness, and while acknowledg- 
ing its dangers we should guard against them by the 
means which experience has taught us to employ; as 
long as it is used without regard to quantity, the site 
of injection or the condition of the patient, we are 
bound to have untoward results. 

Of over 200 cases of dangerous symptoms and deaths 
following the injection of this agent, reports of which 
I have collected from surgical literature, almost ,one- 
half reeeived too large a dose; a few were debilitated; 
in regard to the rest, I do not know whether they were 
examined physically before the injection, whether they 
occupied a recumbent position, whether the soiution 
of cocaine was freshly prepared or not; in fact, I do 
not know, in the slightest degree, whether any care 
was taken to prevent ill results; therefore, these re- 
ports cannot be relied upon as showing the dangers of 
administering cocaine, and they should not debar 
any conscientious surgeon from employing it with 
judgment. 

Another fact I would mention, every physiological 
effect of the drug is not necessarily serious; in both hos- 
pital and private practice I have used cocaine, in many 
cases of every description, without death or dangerous 
symptoms. I have seen dilated pupils, accelerated 
eardiac action, pallor, perspiration and some slight 
evidences of mental exhilaration, but these are no 
more to be regarded as danger signs than are the 
flushed face, heavy breathing, and delirious muttering 
of an etherized patient; they are effects which are al- 
ways present to a greater or less degree, according to 
the size of the dose and the susceptibility of the pa- 
tient. 

Some people are naturally more susceptible to its 
action than others, but our maximum dose must not 
be large enough to endanger the life of the most sus- 
ceptible individual. 

he first and by far the greatest precaution to be 
taken, before the hypodermatie injection, is the pre- 
liminary physical examination ; this should be made 
with the utmost thoroughness; for to slight it in the 
least degree may be to permit the occurrence of alarm- 
ing symptoms, and perhaps the death of the patient, 
to say nothing of the harrowing effect produced on 
the brain of the operator. Panas and Magitot state 


that ‘‘ cocaine should not be employed in patients suf- 
fering from chronic affections of the respiratory pas- 
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sages, or in those of well warked neurotic diathesis.” 
Reelus says, ‘*1t is contra-indicated in brain lesions of 
long standing, in severe pulmonary cases, in neuras- 
thenia and in epilepsy.” ‘ 

Experience bas proved that if the patient is suffer- 
ing with organic disease of the brain, heart, lungs or 
kidneys, or any confirmed neurotic disorder, injection 
of the drug must not be attempted. 

A decided nervous temperament is, to. my wind, a 
greater contra-indication to its use than any other 
condition, with the exception of organic cardiac 
disease ; and it is in cases of this class that we so 
soon notice physiological effects, even when only 
moderate doses have been employed. I may state 
here that Reclus is skeptical about these cases which 
have been reported of intolerance, for doses of a small 
fraction of a grain, and questions whether sometimes 
nervous symptows, arising from emotional causes, 
have not been attributed to cocaine. 

As to age, if the physical examination shows the 

tient to be healthy, the mere fact of being advanced 
does not preclude the use of the drug. Wyeth 
does not regard it as applicable to children of less than 
ten or twelve years, although Hunter Maguire thinks 
children bear it better than adults. 

The use of cocaine in a considerable number of chil-' 
dren, some being as young as three years, without no- 
ticeable systemic effects, leads me to believe that it is 
tolerated fully as well by children as by adalts. 

The patient should be placed in a recumbent posi- 
tion, with the head low, and he should not be allowed 
to rise for at least fifteen minutes after the cocaine has 
entered the general circulation ; as it enters at once, 
when vo constriction is used above the site of injec 
tion, the patient may be permitted to assume an up- 
right position about fifteen minutes after the injection, 
or as soon afterward as the operator has finished. 
When constriction is employed, the patient must be 
kept in a recumbent position for fifteen minutes after 
all constriction is removed. By adhering to this 
method, symptoms of faintness, pallor and vertigo are 
prevented after the upright position is assumed. 

Where it is possible to use constriction, as in opera- 
tions on the arms, legs, fingers, toes and penis, it 
should never be omitted. An Esmarch tourniquet or 
a piece of rubber tubing is to be used, according to 
the part to be constricted. 

After the operation, the method of removing the 
tourniquet, as described by Barton, should be em- 
ployed. The tourniquet is loosened and immediately 


tightened, so that but a small portion of the cocaine 
eontained in the isolated part enters the general cir- 


culation. 


This is repeated at intervals of a few min- 


if a stronger solution-were used, and we are, therefore, 
able, to anesthetize a larger area of tissue ; further- 
more, as cocaine is taken up wore slowly by the cireu- 
lation when a weak solution is employed, we are less 
apt to have any decided systemic effect. 

Thirty-five minims, which represent about 34 grain, 
are sufficient for almost any operation, unless it 
very prolonged. 

Pernice, and also other writers have stated that 
eoeaine has no anesthetic action on inflamed tissues ; 
Reelus was the first, I believe, to deny this statement, 
aud he is undoubtedly correct when he claims that 
while it does not act so promptly, it still has decided 
anesthetic effects. 

The wilder systemic effects of the drug, which 
may or may not be present, according to the. suscepti- 
bility of the patient, and are not necessarily alarming, 
are dilated pupils, accelerated heart action, pallor, per- 
spiration, vertigo and slight mental exhilaration. The 
symptoms which follow an excessive dose, and which 
may be cause for grave apprehension, are delirium, 
convulsions and opisthotonos. 

A fatal dose arrests the heart in diastole, and also 
arrests the action of the muscles of respiration. The 
principal antagonistic agents which have been used 
in eases ‘of cocaine poisoning are amy] nitrite or nitro- 
glycerin, strychnin, caffein, digitalis, ether and am- 
monia ; if the expectation of Stickler, of Orange, New 
Jersey, is realized, we will command an antidote more 
reliable than any in the above list. He claims that 
opium is a perfect antagonist to cocaine and has veri- 
fied his opinion, to a great extent, by observations on 
numerous human beings, pigeons and dogs. 


SUMMARY. 


1. The use of cocaine im surgery should not be 
abandoned because its irrational employment has pro- 
dueed deleterious results. 

2. Always make a thorough physical examination of 
the patient before injecting the drug. 

3. It should not be used in cases showing organic 
disease of the brain, heart, lungs or kidneys, or in per- 
sons of a neurotic diathesis, 

4. Children bear it fully as well as adults. 

5. The patient should always be placed in a recum- 
bent position, prior to its employment. 

6. Constriction should be used, whenever possible, 
to limit the action of the drug to the desired area, 

7. Use a freshly prepared solution for each case. 

8. Distilled water is to be employed, to which phenic, 
salicylic or boric acid is to be added. 

9. A two per cent. solution has a better effect and is 
safer than stronger solutions. 


AN OPTICAL ILLUSION—PARALLEL STRAIGHT LINES THAT APPEAR 
SLIGHTLY CURVED. 


utes, until the cocaine has probably all entered the 
circulation in this way, and is disposed of. In this 
manner, quite large amounts may be used without 
producing any ill effects. This procedure proves an 
additional safeguard, inasmuch as a considerable por- 
tion of the coeaiue is washed away by the hemorrhage 
if the ligation of the vessels is delayed until after the 
tourniquet is removed, which should always be done. 
Of the salts of cocaine the bydrochlorate is mostly 
used, although the phenate has been used to some ex- 
tent during the past two years. Van Oepele says of 
the phenate: “It is more persistent iu its effects and 
less toxic than any other cocaine salts, being less 
soluble in the water of the tissues.” Kyle stater that 
“as it coagulates albumen, it localizes its own action, 
preventing any extensive absorption of cocaine.” 

It is antiseptic and needs no addition to the solution 
to impart to it this quality, but, as to its pliysiological 
action, I have not been able to discern any difference 
between it and the hydrochlorate. 

It is desirable to use a freshly prepared solation for 
each case, as decomposition takes place rapidly, and is 
not prevented perfectly, even by the addition of an 
antiseptic. Distilled water only should be used for 
making solutions, to which may be added either phe- 
nic acid, salicylic acid or boric acid, about two grains | 

| 


to the ounce. The dose, in cases where constriction 
cannot be employed, should never exceed three-fourths 
of a grain; after a quarter of an hour has elapsed, if | 
the anesthetic effect is insufficient to render the con- | 
clusion of the operation painless, an additional injece- | 
tion of half the first named quantity may be given; 
for operations about the head, face and neck, one-third | 
of a grain must pever be exceeded, and this should not 
be followed by a second injection. When constriction 
is used the dose may be considerably increased, vary- 
ing according to the character of the operation and 
the vascularity of the site of injection : when the oper- 


ation is of such a character as to be followed by little | 


or no hemorrhage, the dose should be one grain, and, 


if the length of the operation requires it, balf this | 


quantity may be again used. When there will be con- 
siderable hemorrhage after the tourniquet is totally 
removed, thus getting rid of a large quantity of co- 
caine, we may use one and one-half grains to be fol- 
lowed after the lapse of fifteen minutes, if absoultely 
necessary, by a half grain. 

The quantities above given should never be in- 
creased, and as it is very seldom necessary to adminis- 
ter the second injection, we can insure safety to a 
greater degree by omitting it. It is rarely necessary to 
use a stronger solution than two per cent., and by 
using this strength it is evident that we have agreater 
quantity of solution toa given quantity of cocaine than 


10. Never inject a larger quantity than 114 grains 
when no constriction is used. 

11. About the head, face and neck }¢ grain should 
never be exceeded, 

12, When constriction is possible, the dose may be 
as large as two grains. oa 

13. Every slight physiological effect is not necessarily 
to be taken as cause for alarm. 

14. Cocaine does have effect on inflamed tissues. 

15. In case alarming symptoms threaten, use amy. 
nitrite, strychnin, digitalis, ether or ammonia, 


OPTICAL EFFECTS OF PARALLEL LINES. 


MR. CHARLES BRUNOT, apropos of an article upon 
optical illusions that appeared in our issue of January 
18,* says La Nature, sends us some interesting com- 
ments upon some phenomena of this kind that are 
known. We cannot print his entire article, but ex- 
tract therefrom the accompanying figures; in which 
the straight and parallel lines not only seem to lose 
their parallelism, but appear to be curved. 

“If there is any one thing to which the perspective 


vision of objects has habituated the eye,” says Mr. 
Brunot, “it is the straight line. The latter, in fact, 
is always preserved intact in perspective. It seems, 


therefore, that the eye ought never to be mistaken 
when it is put in the presence of a straight line, and 
yet such a mischance is not spared it in the [accom- 
panying] figures . . . which I believe that I am 
the first to publish.” 

We shall add some general reflections upon optical 
illusions, says La Nature. These are now well known 
and have been studied in all sorts of forms in the 
laboratories of physiologists and physicists; but it 
must be remarked that, of all such illusions, the most 
striking is that which is connected with straight 
lines placed at a distance, and that appear to be 
slightly eurved. In the example furnished by our 
correspondent, the lines are marked by a series of 
shorter and slanting ones that certainly act to a great 
degree upon the eye to produce the striking effects of 
which we speak. We have also sometimes tried to 
take only two parallel lines and place them at a cer- 
tain distance. The effect, without being as distinct as 
that of which it is a question above, was nevertheless 
really marked. 

An optical illusion of a similar character, in which 
parallel lines seem to be curved, owing to the effect of 
irradiation, is described and illustrated in SCIENTIFIC 
AMERICAN SUPPLEMENT, No. 1049, p. 16773. 


* Reproduced in Scrgntiric AMERICAN SUPPLEMENT, No. 1058, p. 16836. 
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An exhaustive review of the present aspect of electric traction in 


Vv. MEDICINE. — The Rational Use of (oeaine in Surgery, 72 
CLAUPE A. DUNDORE, M.D.—A very important article onthe 
anesthetic alkaloid, with regard to the propriety of its adminis- 
tration and care to be exercised in its use. ........ 1016 


VL. MISCELLANEOUS.—A Short Cipber Code for Commercial Uses. 
~—By Dr. EDWARD 8. HOLDEN.—A very ——— system of 
aber code devised by the director of the Lick Astronomical Ob- 


Electrical Notes... ... 
Engineering Notes..... 


VIL. NAVAL ENGINEERING.—Circulation in Water Tubé Boilers. 
—By Prof. W. iH. WATKINSON.—A valuable paper on the west of 


, especially adapted for throwing a line from the ship to the 
shore.—2 


VIII. ORDNANCE. — Automatic Firing Guns.—Historical — By 
HIRAM STEVENS MAXIM.— Commencem ent of an interesting arti- 
cle on the subject of machine guns, going back to the early days of 
the last contury.—1 17002, 


IX. PHOTOG RAPHY.—A Camera Swingback Indicator and How to 
Make it.--By Rev. F.C. LAMBERT, M.A.~ An exceedingly simple 
indicator, designed to show when the swingback of a camera is 
— and when the top of the camera is horizontal.— 6 illustra- ' 

....... 


1 PH YSICS.—Optical Effects of —Some very excel- 


lent optical illusi with 4 illustrations................ rou 


XI. TECHNOLOG Y.—Acetylene for Domestic Lighting.—Illustra- 
tion of different apparatus for producing acetylene on a large or 
small scale, including a portable lamp.- 3 illustrations..:. .. ..... 

New Fresh Water Distilling Apparatus.—A distilling apparatus 
water as well as for steam raising p' es.—l1 illustration.... 

"Kote on Artificial Fuel 


17010 


CATALOGUES. 


A Catalogue of Valuable Papers coutained in Sct- 
ENTIFIC AMERICAN SUPPLEMENT during the past ten 
years, sent free of charge to any address; also, a cou- 
prehensive catalogue of useful books by different 
authors, on more than fifty different subjects, has 
recently been published, for free circulation, at the 
office of this paper. Subjects classified with names 
of authors. Persons desiring a copy have only to ask 
for it, and it-will be mailed to them. Address 


MUNN & CO., 361 Broadway, New York. 


ATENTS! 


MESSRS. MUNN & CO.. in connection with the pub- 

lication of the ScrenTIFIC AMERICAN, continue to examine 

improvements, and to act as Solicitors of Patents for 
Inventors. 

In this line of bneimess they have had nearly ’ experience, and 
now have facilities for the preparation of Patent Drawings, 
Specifications. and the prosecution of Applications for Patents im the 
United States. Canada, and Foreign Countries. Messrs. Munn & Co. also 
attend to the preparation of Caveats, Copyrights for Books, Labele, 
Reiseues, Assignments. and Reports cr Infringements of Patengs, A!l 
bus:nese intrusted to them is done with special care and promptuess, on 
very reasonabie terms. 

A pamphiet sent free of charge, on application, containing full infor- 
mation about Patents and how to procure them : directions concerning 
Labels, Copyrights. Designs, Patents, Appeals, Reisenes, Infringemente, 
Assignments, Rejected Cases. Hints on the Sale of Patents, etc. 

We aiso send. free of charge, a Synopsis of Foreign Patent Laws, show- 
ing the cost and method of securing patents in all the principal countries 


of the world. 
MUNN & CO,, Solicitors of Patents, 
1 Broadway, New York. 


BRANCH OFFICES.--No. 622 and 624 F Street, Pacific Building 
ont 
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this country, with conclusions 

j 7 Tests of the Baltimore Electric Locomotive. —-Recent tests ap- m= 

Z yeee tw the Baltimore & Vhio electric locomotive, with tabula- he 
jon of results and illustration of curves. —1 tllustration............ 17001 
17016 
17008 
10g 
Garwood’s Live Throwing Gun.— A gun for saving lives on ship- ee 
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